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Drawimgy U, S, Ifavai AcatUmf, 

A SERIES OF AN ELEMENTARY AND PROGRESSIVE 
character, designed especially for the use of schools, oa a new and 
excellent plan. To be completed in 6 books. Nos. 1, s, 3 and 4 now 
ready. Price 50 emits each. By mail on receipt of price. 

This is a series of an elementary and progressive character, designed 
especially for the use of Schools. The boolcs contain full and complete 
instructions for the use of both teacher and pupil, and 

Bt a novel akramgbmbmt op thb copibs, whbiisbv thsv a«b frbsbmtbo 

in a very condbnsbo porm, thbv carry ths pul'il twicb 

as par as any othbr drawing books, and at 

about halp thb cost, 

Thus saving time and money, as well as supplying the most practical series 
of School lowing Boolcs in the marlcet The series consists of Six boolcs, 
fiTe of which will contain tweuiy-Zgur lessons each, and the sixth tw€iv4 
lessons of larger size. 

These boolcs are peculiarly well adapted for the use of Schools, as the 
simplicity of the figures illustrating the elementary lessons, and their 
perfect progressive clianicter, will lead the pupil, by an easy and natural 
method, to learn how to draw from objects. Believing that mere copying 
Is not only useless, but harmful, great care has been talcen by the author 
in the development of the method of instruction which requires that all 
copying shall be used as a means for learninjg principles which «hall be of 
constant use, in training the hand and eye, tnrough the medium of the mind. 

No amount of required care or expense has been spared to malce these 
books first class in every respect They are by a practical teacher, who 
has had many years' experience in his profession, dunng which he has had 
ample opportunities to test the value of a clear, simple and progressive 
npethod of work, wherein the figures to be drawn are thoroughly analyzed, 
and the pupil is taue-ht to construct them understaodingly, as a child is 
taught its letters— not as the limit of education, but as a toundation upon 
wluch to build, or as material with which to learn to express ideas. 

^9* For practicality, novelty, cheapness, simplicity and l>eauty of 
execution, the Spencerian Drawing Books will be far in advance ot any 
existing series. 

0^ Full tUscri^iv* Cibculabs 0/ the ttrit*^ with ^ices^ will he sent 
en nf^lieatien, 

.♦♦• THE EDUCATIONAL REPORTER— Full of interesting and 
valuable Educational information, is published three times a year, bearing 
date respectively Jamiiary, May and September, and will be sent to teachers 
and educationists, without diaxge, on appUcation. 
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Kerl's Engush Grammars. 

This series has attained great popularity as a tiioroughly practical course 
for educational purposes. It is in successful use in all parts of the country, 
being in exclusive use in the public schools of Boston, Cambridge ; New- 
ton, Mass. ; Washington, D. C, and many other representative dties. 



In ikt following distinctive and important features ^ KERVS System 
of English Grammar claims superiority aver other systems : 

X. It teaches mors that is of practical utility. 

9. It contains a simpler, sounder, and more comprehensive article on the 
Analysis of Sentences. 

3. It contains the true theory of Moods and Tenses, and shows better 
the nature of Participles and Infinitives. 

4. It contains a much better article on Capital Letters. 

5. It contains a much better article on Punctuation. 

6. It contains a much better article on Versification. — ^probably the only 
set of principles that teach the true mechanism of English verse. 

7. It contains a better article on Rhetorical Figures, and on the other 
devices which give beauty and vigor to style. 

8. It exhibits a wider circuit of the various constructions of the En^- 
lish language, and presents more of the historical elements than is found in 
ordinary school grammars ; and also more of the laws which underlie 
language and make it what it is. 

9. It surpasses in the number, pithiness, variety, and interesting charac- 
ter of its exercises. 

10. It is drawn more directly from JSnglish and American literature, 
and is not compiled, to so great an extent, from other grammars. It is 
more lilce a map made from the country itself than from other maps. 

iz. Its principles are better illustrated by examples, and doubtful points 
are better decided and fortified by quotations from writers of good authority. 

12. The matter, in all the books, is better classified and arranged, — a very 
important item : for a well- classified book is more easily learned, more 
easily remembered, and much more convenient for reference. 

Principles are made plain by examples that show what is meant ; ab- 
struse points are brought within easy reach, by familiar and striking 
explanations ; and all things are made practical by exercises. The typo- 
graphy is also superior. 

^^ Full descriptive Circulars of the series^ giving titles and prices^ 
will be sent by mail on application. 
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PREFACE. 



The design of the present volume is to furnish for the 
use of schools and young persons, an elementary text-book 
on the first principles of science. For this purpose, the 
system of question and answer, which for certain classes 
of pupils and for familiar instruction has proved emi- 
nently popular, has been followed. The advantages of this 
system are : — first, that it affords a most simple and easy 
method of communicating useful and practical informa- 
tion ; — second, the question excites a feeling of curiosity in 
the mind of the young student, which serves to fix the sub- 
ject-matter more strongly in the memory : — and thirdly, 
the form of question and answer imparts truth to the mind, 
in a logical sequence of cause and effect, and by showing 
how consequents in sciences are deduced from antecedents, 
unconsciously trains and familiarizes the pupil to think and 
reason according to the true spirit of inductive philosophy. 

It is believed that the questions in the present volume 
are simple, practical, and expressed in the plainest language 
that the subject allows. Engravings have also been used 
to illustrate more clearly the most important topics treated 
of. 

As this work has been designed exclusively as an elemen- 
tary book, the more abstruse and difficult departments of 
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, physical science have been passed over, or briefly noticed ; 
such as the theory and application of the mechanical powers, 
the polarization of light, crystallography, &c. Those who 
are desirous of possessing a more complete and elaborate 
work, arranged in the form of question and answer, — em- 
bracing the whole subjects of Natural Philosophy, Organic 
and Inorganic Chemistry, the applications of science to the 
Industrial Arts, Geology, ifcc, are referred to a work by the 

'author of the present volume, entitled " Wells's Familiar 
Science" and to " Wells's Natural Philosophy," in both of 
which special reference is made to the application of the 
principles of physical science to the useful arts and necessi- 
ties of every-day life. 

In the preparation of the " Science of Common Things " 
especial care has been taken to render the facts and prin- 
ciples given, full, complete, and accurate, and in strict con- 
formity with the very latest results and researches of modern 
science. 

BTew York, May, 185t. 
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CHAPTER I, 

WHAT WE KNOW OF MATTER, AND HOW WE KNOW IT. 

1 WJujU is nmtter f 

We apply the term matter to any substance which 
affects our senses. 

2 Row do toe know thai anything exists t 

Because our senses give us evidence of the fact. 

3 What are the senses f 

They are the instruments, or means, by which the 
mind is enabled to know that matter exists and pos- 
sesses certain properties. 

4 How many senses are there f 

Fwe ; hearing, seeing, smelling, tasting, and feeling. 

6 Would a person deprived of aU sensation, be conscious of any mate- 
rial existence? 

He would not; for all knowledge of the material 
world is derived through the medium of the senses. • 

5 Is the impression transmitted to the mind by each organ of sensaiion, 
differ evd 7 

It is; each organ of sense is adapted to receive a 
particular influence of matter ; and is designed to cou- 
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vey to the mind immediate notice of some peculiar 
action. This is the more noticeable, when we consider 
that, however delicate its structure, each organ of 
sense is wholly insensible to every, inftuence except that 
to which it is especially adapted ; thus, the eye is never 
affected by sounds nor the ear by light. 

7 What is meant by (he Igrm body f 

Any distinct portion of matter existing in, and oc- 
cupying space. 

8 What do we vnean^ when We speak of ^e properties or qualities of a 
body f 

The powers belonging to the body, which are capa- 
ble of exciting in our mind certain sensations. 

O What are (he general properties ofmaJli^l 

The principal qualities of matter are magnitude or 

EXTENSION, impenetrability, DIVISIBILmT, POROSITY, IN- 
ERTIA, DENSITY, ELASTICITY, DUCTIUTY, and MALLEABILITY. 

10 Whal is magnitude f 

The property of occupying spa^e. It is impossible 
to conceive of a portion of matter so minute as to hare 
no magnitude. 

11 WTiat do we m/ean ty the term size of a body f 

The quantity of space a body occupies. 

IS Whxit is the surface of a body f 

The external limits of its magnitude- 
is What is the area of a body f 

The quantity of surface, 

14 WhaX is impenetrdbiUty f 

That quality of matter which precludes the possibilitjf 
of two bodies occupying the sa/me space at the same 
tim^e. When bodies are said to be impenetrable, it is 
therefore meant, that one cannot pass tnrough another 
without displacing some, or all, of the component parts 
of that other. 

There are many instances of apparent penetration ; but in all th(?se, the 
parts of the body wliich seem to be penetrated are only displaced. Thus, 
if a needle be plunged into a vessel of water, all the water which pre- 
viously filled the space uito which the needle enters, will be displaced ; 
Aud the level of the water will rise in the vessel to the same height as it 
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would by pouring in so much more water as would fill the space occapied 
by the needle. 

IS Why wiU wcUeVj or any other liquid^ poured into a funnel, closdy 
inserted in the nwuth of a bottle, or decanier, run over the sides f 

Because tlie air filling the bottle, and having no 
means of escape, prevents the fluid from entering the 
bottle ; but if the funnel be lifted from the neck of the 
bottle a little, so as to afford the air an opportunity to 
escape, the water will then flow into the bottle in an 
uninterrupted stream. 

IS WTiat is (he figure of a body f 

Its farm or shajpej as expressed by its boundaries or 
terminating extremities. 

17 WJiat is meant by the divisibility of matter t 

Its property, or capability of being divided. ' 

18 Is matter capable of being divided into separate portions infinitely or 
witfiout limit f 

So far as we are able to perceive with our senses, all 
matter is capable of being divided into separate por- 
tions without limit; yet me recent investigations of 
chemistry have proved beyond a doubt, that there is 
a point beyond which matter is no longer divisible. 
Such a portion of matter as cannot be divided we call 
an atom. 

1© What then is an atom ofrnxUter f 

A particle so minute, as to admit of no division. 
Atoms are conceived to be the first principles or com- 
ponent parts of all bodies. 

The extent to which matter can be divided and yet be perceived by 
the senses, is wonderful. 

An ounce of gold may be divided into four hundred and thirty-two 
thousand million parts. Each of these parts will retain all the characters 
and qualities which are found in the largest masses of metal. It retains 
its solidity, texture, and color ; it resists tlie same agents, and enters uito 
combination with the same substances. 

20 What is a particle of matter f 

The term particle is also used to express small com- 
ponent parts of matter, but is generally applied to those 
which are not too minute to be discovered by obser- 
vation. 

1* 
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SI WTiat are the pores of a body t 

No two particles of matter are supposed to be in 
actual contact with each other ; and the openings, or 
interstitial spaces between these particles, are called 
pores. 

SS WTuit is (he reason that a sponge^ a piece of wood or metal, can^ by 
pressure^ be made to occupy a smaUer space than it did originaUy f 

Because the particles of which the sponge, the piece 
of wood or metal, are composed, are by pressure 
brought more closely together, diminishing at the same 
time the pores and tne space the boiiy occupies. 

53 What then is compressibility f 

That quality of matter in virtue of which a body 
allows its volume or size to be diminished^ without, 
diminishing the number of atoms or material particles 
of which it consists. 

54 Wfuit reason have we for supposing thxit no two particles of matter 
are in absolute contact f 

Because all known bodies, whatever may be their 
nature, are capable of having tlieir dimensions reduced 
without diminishing the amount of matter contained in 
them ; hence the space by which the volume may be 
diminished must, before diminution, consist oi pores. 

55 WhaJt is density f 

The proportion of the quantity of matter in a body to 
its magnitude. Thus, if of two substances one contains 
in a given space twice as much matter as the other, it 
is said to be twice as dense. 

56 What connexion is there between the density of a body and its 
porosity t 

A body will be more or less dense according as its 

E articles are near to or remote from each other ; and 
ence it is evident that the greater the density the less 
the porosity, and the greater the porosity the less the 
density. 

ST Why do we caM lead heavy, and feathers light t 

Because the amount of matter contained in a quan- 
tity of lead occupying a given space is much greater 
than in a quantity of feathers capable of occupying the 
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Baine space. The original particles of matter "which 
make up the composition of lead and feathers are also 
dijBFerent, and in tne lead are arranged in much nearer 
connexion with each other than in me feathers. 

Newton conjectured that if the earth were so compressed as to be 
absolutely without pores, its dimensions might not exceed a cubic inch. 

SS Edw is water or any other Uquid made pure by fiUering through 
paper J doihf a layer o/sandj rock, ike. t 

The process of filtration depends on the presence of 
pores in the substance used as a filter, of such a mag- 
nitude as to allow a passage to the liquid, but to refuse 
it to those impurities from which it is to be disengaged. 

SQ Why is not (he substance suitable for the filtration of one Uquid 
equaSy adapted for tlie fiUraiUm of aU liquids f 

Because the magnitude of the pores in different sub- 
stances and of the impurities in liquids is different ; 
and no substance can be separated from a liquid by 
filtration, except one whose particles are larger than 
those of the liquid. 

30 Why do Imbbles rise to (he surface when a piece of sugar, wood, or 
chalk is plunged under water f 

Because the air previously existing in the pores be- 
comes displaced by the water, and rises to the surface 
as bubbles. 

31 Wfiai occasions (he snapping of wood or coal when laid upon (he fire f 

Because the air or liquid contained in the pores be- 
comes expanded by heat, and biirsts the covering in 
which it is confined. 

3S What are (he sparks of fire which burst from the wood f 

Very small pieces of wood made red hot^ and sepa- 
rated from the log by the force of the air when it 
burets from its confinement. 

33 Why does KgJU, porous wood make more snapping (han any o(her 
kind? 

Because the pores are very large, and contain more 
air than wood of a closer grain. 

34 Why does green wood make less snapping (han dry f 

Because the pores, being filled with sap, contain very 
litUe air. 
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8S Why does dry wood make more STiapping than green f 

Because the sap is dried up^ and the pores are filled 
with air instead. 

30 Why does dry wood hum more easily thorn green or wet wood f 

Because the pores of dry wood are JUled with air, 
which supports combustion ; but the pores of green or 
wet wood are filled with moisture, which extinguishes 
flame. 

37 When is a body said to he elastic f. 

When, after being bent or compressed, it endeavors 
to resume its original form and shape. 

All bodies possess the property of elasticity, but in very diflferent de- 
grees: steel and India rubber are highly elastic; lead and day are very 
slightly so. 

88 Into Iww many classes may aU natural hodies he divided f 

All the bodies we meet with on the earth may be 
divided into three great classes ; viz. solids, liquids, 
and gaseous or aeri^rm bodies. 

30 WhM is a solid f 

A solid is a body whose particles of matter are so 
close or dense that they resist the impression or pene- 
tration of other bodies. Hence the parts of solid bodies 
are not movable or easily displaced like those of liquids. 

40 What is a liquid t 

A liquid is a substance which, like water, manifests 
immediately to the touch but a very feeble resistance ; 
but quite suflScient, however, to indicate its presence, 
even when in a state of repose. A liquid cannot be 
grasped between the fingei*s like a solid body ; neither 
can it be collected permanently in a heap, or made to 
assume any particular figure except that of the vessel 
in which it is inclosed. 

41 Whai is a gaseous or aeriform hody f 

A gaseous or aeriform body is an elastic, and gene- 
rally an invisible, fluid, which, like the air surrounding 
us, affords no evidence of its presence to the sense of 
touch, when in repose. Gaseous or aeriform bodies 
may be confined in vessels, from whence they exclude 
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liquids or otlier bodies, tlius demonstrating their existr 
encCy though invisible, and also tlieir impe'iietr ability, 

45 In whai particular respect does a gas differ from a liquid f 

A liquid, like water, oil, spirit, &c., can be made to 
flow regtUarly down an inclined plane, but a gas cannot, 

43 Why is it diffvcvM to walk against a high wind f 

Because the particles of the air, altliough invisible, 
press against us violently in a direction opposite to that 
in which we are proceeding. 

44 When is a substance said to he plastic f 

When it possesses intermediate properties between a 
solid and a fluid. Pitch is an example of a plastic 
body : it presents the appearance of a solid, but will 
be found to be continually changing its form by the 
movement of its particles, when left free to move. 

46 When a sponge is placed in waier, (hat liquid appears to penetrate 
it Does the water reaUy enter the solid particles of the sponge f 

It does not ; it only enters the j}ore8 or vacant spaces 
between the particles. 

4Q Wh^n we plunge the hand into a mass of sarid, do we penetrate the 
sandf 

We do not ; we only displace the particles. 

47 Wfiat is inertia f 

Matter is incapable of spontaneous change ; and the 
term inertia (or inaxitivity) signifies the total absence 
of power in matter to change its state. A body en- 
dued with inertia cannot of itself, and independent of 
all external influences, commence to move from a state 
of rest ; neither can it, when moving, arrest its own 
progress and become quiescent. 

48 When a carriage is in motion^ drawn hy horses^ why is the same 
exertion of power in the horses required to stop it, as wovM he necessary to 
hade it, if it were ai rest f 

Because the J^oree required to destroy motion in one 
direction is equal to that required to produce as much 
motion in the opposite direction, 

4G If a hody is incapable hy itself of changing its state, why wiU ru)i a 
haU fired from a cannon continue to move on for ever f 

Chiejly on account of the resistance of the air or 

1* 
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medium through which it passes, and the attraction of 
the earth. 

60 If a carriage^ raHroad-car^ or boat, moving with speed, he suddenly 
stopped or retarded from any cause, why are the passengers, or the baggage 
carried, precipitated from their places in the direction of the motion f 

Because, by reason of their inertia^ Xh^j persevere in 
the motion which they shared in common with the 
body that transported them, and are not deprived of 
that motion by the same cause. 

61 Why win a person, leaping from a carHxige in rapid motion^ faU in 
the direction in which the carriage is moving at the rriomeni his feet meet the 
ground f 

Because his iody^ on quitting the vehicle, retains by • 
its inertia the motion which it has in common with it. 
When he reaches the ground, this motion is destroyed 
by the resistance of the ground to the feet, but is re- 
tained in the upper and neavier part of the body ; so 
that the same effect is produced as if the feet had heen 
tripped. 

6S When the sails of a ship are first spread to receive the force or im' 
ptdse of the wind, why does not the vessel acquire her full speed ai once t 

Because it requires a little time for the impelling 
force to overcome the inertia of the mass of the ship, 
or its disposition to remain at rest. 

63 Why, when the sails are taken in, does the vessel continue to move for 
a considerable time f 

Because the inertia of the m/iss is opposed to a 
change of state, and the vessel will continue to move 
until the resistance of the water overcomes the opposi- 
tion. 

64 Why is a man standing carelessly in the stem of a boat liable tofaU 
into the waJler behind, when the boai begins to move f 

Because his feet are pulled forward while the inertia 
of his hody keeps it in the same position, and^ there- 
fore, behind its support. For a similar reason, when 
the boat stops, the man is liable to fall forward. 

65 Upon what does the hardness of a body depend t 

Not, as is often supposed, upon the density of a 
body, but upon the foree with which the atoms hold 
their places in som'e particular arrangement. Gold is 
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much more dense than the diamond, yet the metal is 
soft, while the diamond is the hardest llody in nature. 

6S Wlien is a body said to be dttctUe f 

When it is capable of being dravm into wire. In 
ductile substances the atoms seem to have no more 
fixed relation of position than in ^ liquid, but yet they 
cohere very strongly. 

67 When is a body said to be maUeaUe f 

When it is capable of being hammered or rolled into 
thin plates. Bodies that are malleable are not always 
ductile. Lead and tin may be hammered out into 
very thin plates, but it is diflScult, or impossible, to 
draw out these metals into fine wire. 



CHAPTER II. 

ATTRACTION. 
What is attraction f 

It is the force manifested by the mutual approach or 
cohe&i(m of bodies. 

6G Is all matter subject to the power of attraction f 

All matter is under the influence of attraction in 
some of its forms. Every particle of matter attracts 
every other particle, and is in turn itself attracted. 

' eO What is repulsion f 

It is the force 'manifest in the movement of bodies 
from each other. Thus, if a piece of glass, having 
been briskly rubbed with a silk handkerchief, touch 
successively two feathers, these feathers, if brought to- 
gether, will move asunder. 

61 What is cohesive attraction f 

It is the force which holds together the atoms of 
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Adhesion. Examples of cohesion. 

bodies. Cohesion acts only between particles of mat- 
ter of the same kind, and at distances which are not 
measurable, or, as they are termed, insensible dista/nces. 

6S Whai is adhesion t 

Adhesion is attraction between particles of matter 
of different kinds acting at immeasurably small dis- 
tances only, and uniting the dissimilar particles into 
one mass. 

63 Why is mortar used to fasten bricks together f 

Because the adhesive attraction between the particles 
of the bi'ick and the particles of mortar is so strong, 
that they unite to form one solid mass. 

64 Why is a bar of iron stronger ti.an a bar of wood of the same size f 

Because the cohesion existing between the particles 
of iron is greater than that existing between the par- 
ticles of wood. 

65 Why are tlie particles of a liquid more easily separated than those 
of a soUd t 

Because the cohesive attraction which binds together 
the particles of a liquid is much less strong than that 
whicli binds togetlier the particles of a solid. 

66 Why will a small needle^ carefaQ^ laid upon the surface of water^ 

floatf 

^^ « 

Because its weight is not sufficient to overcome the 
cohesion of the particles of water constituting the sur- 
face ; consequently, it cannot pass tlirough mem and 
sink. 

G7 If you drop water and laudanum from the same vessel, why wiU 
sixty drops of the water fUl the same mea,sure as one hundred drops of 
laudanum t 

The cohesion between the particles of the two liquids ' 
is different, being greatest in the water. Consequently, 
the number of particles which will adhere together to 
constitute a drop of water is greater than in the drop 
of laudanum. 

68 Why is the prescription of medicine by drops an unsafe method f 

Because not only do drops of fluid from the same 
vessel, and often of the simie fluid from different ves- 
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sels, dijBFer in size, but also drops of the same fluid, to 
the extent of a tljird, from different parts of the lip of 
the same vessel. 

0Q Why is it difficult to pour water from a vessd which has not a pro- 
Jecting lip f 

Because, in consequence of the attraction between 
the water and the sides of the vessel, the fluid has a 
tendency to run down along the inclined outside of tlie 
vessel, and not at once to fall perpendicularly. 

70 What is the attraction of gravitation t ' 

We apply the term "gravity," or the "attraction 
of gravitation," to that tendency which every particle 
of matter in the universe lias to approach all other 
matter. Terrestrial gravitation is the attraction of a 
body towards the centre of the earth. 

71 In what respect does ike attraction of gravitation differ from aM other 
attractive forces f 

Because it is the common property of aU iodies ; 
since everything to which we can attach the idea of 
materiality is affected more or less by gravitation. 

7S Why does an apple loosened from (he treefaU to Hie ground t 

Because the earth attracts or draws it to itself. 

73 Since aU bodies are attracted towards the earthy how does it happen 
that all smoke and soTne other forms of moMer display the contrary pheno- 
menon of ascending from it f 

Because the smoke is lighter than the air^ hulk for 

hvlk^ and floats upon it. It is unable to advance, how- 

' ever, in the most minute degree, without displacing or 

thrusting downward portions of the atmosphere equal 

to its own bulk. 

74 Why does a cork pressed beneath the water rise and float on the 
turf ace t 

Because the cork is lighter than an equal hulk of 
water, and is pressed up and sustained by it in the 
same manner that the particles of smoke are sustained 
by the particles of air. 

75 Why does a balloon rise in the air f 

Because it is filled with a gas which is lighter, bulk 
for bulk, than the air. 
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All bodies attract each other. Feather and the earth. 

76 Eow long wiU smoke continue to float above the surface of ike earth f 

Until its particles^ uniting^ become heamer than the 
air^ when tEey descend in the form of small flakes of 

800t. 

77 Why do biibbles in a cup of tea range round tTie sides of the cup t 

Because the cup att/racta them, 

78 Why do aUihe little bubbles tend towards the large ones f 

Because the large bubbles (being the superior masses) 
attract them. 

7© Why do {he hubbies of a cup ofteafoUow a tea-spoont 

Because the tea-spoon attracts them. 

80 Do all bodies attract each other eqttaUy f 

They attract each other with forces proportioned to 
their masses. 

8 1 J. feather falls to (he ground by the influence of (he earUCs attraction, 
Kow, ds all bodies aMract each other, does ihe feather attract or draw up the 
earth in any degree towards itself f 

It does, with a force proportioned to its mass ; but 
as the mass of the earth is infinitely ^'eater than the 
feather, the influence of the feather is infinitely small, 
and we are unable to perceive it. 

80 What would he the consequence if the fealher did not aUract ihe 
earihf 

If any portion of the earth, however BinaWj failed to 
attract another portion, and not be itself attracted, the 
cutis of the earth would he immediately changed, involv- 
ing an alteration of climate, and the place of the ocean 
in its bed. 

83 Why is it more dangerous tofaUfrom a lofty elevation than from a 
low onet • 

As the attraction of the earth varies inversely with 
the square of the distance, the force with which a fall- 
ing body will strike the gi'ound will increase in propor- 
tion to thie height from which it has fallen. 

84 In whcU direction does a body, when not supported^ endeavor tofaUt 

In a line drawn from its centre of gravity towards 
the centre of the earth. 



Is the aUradion of the earth the same at aU distances from its sur- 
face or centre f 
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No; the attraction of the earth for a body varies 
inversely with the squa/re of its distance from the centre. 

9S Uoii) can Ihia be iSuslraied t 

In the following manner : — ^If one body attracts an- 
other with a certain forte at the distance of one mile, it 
will attract with four times the force ai half a mUe, 
nine times the force ai one4hird of a mile, and bo on in 
like proportion. On the contrary, it will attract with 
but onefourth of the force ai two tnHes, one-ninth of 
the force at three miles, one-sixteenth of the force ai 
four miles, and so on as tlie distance increases. 

57 Whai do we mean by Sie centre of gravity t • 
That point in a body about which, if supported, the 

whole Ijody will balance itself. 

58 WJten you balartce a rod, a stick, or any other body, upon Oie finger, 
tuhere ia tAe centre of gravity of On slick or body t 

It is the point upon which the body will remain at 
rest, or npon which it is balanced. 

BO In v/IuU position ordy can a body reat t 

Only when its centre of gravity is supported ; and 
nntil this is accomplished the body will move, and con- 
tinue to do so, nntil it settles into a position in which 
th« centre of gravity cannot sink lower. 

so Why doeaapenoncarryiTigateeiglilviKnthiabactstoopfoTViaTdt 

In order to bring the centre of gravity of his body 
and the load over his feet. 
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If he carried the load in the position of A, Fig. 1, he would fall back- 
wards, as the direction of the centre of gi'avity would fall beyond his 
heels ; to bring the centre of gravity over his feet, he assumes the posi- 
tion indicated by B, Fig. 2. 

©1 When a person carries a load upon his head, why is it necessary 
to stand perfectly upright f 

In order that the centre of gravity may be over his 
feet. 

©S Why does a person in rising from a chair hend forward t 

When a person is sitting, the centre of gravity is 
supported by the seat / in an erect position, the centre 
of gravity is supported by the feet ; therefore, before 
rising it is necessary to change the centre of gravity, 
and by bending forward we transfer it from the chair 
to a point over the feet. 

03 Why does a qimdruped, in waJking, never raise both feet on (ha same 
side simultaneously f 

Because, if it did, the centre of gravity would be un- 
supported, and the animal would tend to fall over. 

©4 Why is a large turtle placed on its hack unable to move f 

Because the centre of gravity of the turtle is, in this 
position, at the lowest point, and the animal is unable 
to change, it ; therefore it is obliged to remain at rest. 

©5 Why is it more difficult to overthrow a body having a broad base 
than one resting upon a narrow basis f 

Because a body cannot fall over, so long as a line 
directed from the centre of gravity vertically towards 
the surface upon which the body rests, falls within the 
figure formed by the base of the body in question. 





Fig. 3. 



Fi«. 4. 
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Hence, the broader the lose of a body, the more securely 
it will stand. 

Thua, in Fig. 3, the line directed vorticallj' from the centre of gravity, 
s, fcUs within Ite baae of the body, and it remaina Etandiiig ; but iu Mg. 
4 a similar Ime lalls trithout the tiase, and the body consequently cannot 
bo maiut4ulied in an upright position, and muaC fa ll. 

9S IIow bmg viiil a woU or lower stand securely t 
So long as the perpendicular line drawn through its 
eentre of gravity falls within it8 base. 

Thecelebrated leaning tower 
of Pisa, 315 feet high, which 
inclines IS feet from a per- 
fectly upright position, is an 
ennample ol' this principle. For 
instance, the line in Fiy. 6, 
falling from the top of the 
tower lo the ground, and pass- 
ing through the centre of gra- 
vity, falls within the bas^ and 
the lower stands securely. iS, 
however, an attempt had been 
made to build tl^e tower a lit- 
tle higher, so that the perpen- 
dicular line passing through 
the centre of gravity would 
hare fallen beyond the base, 
the structure could no longer 
have supported itself. 

FIc.B. 

07 What is the advantage of turnirig out (he loea when we viaSct 

It increases the breadth of the base supporting the 
body, and enables us to stand more securely. 

©S Why do very fal people throm bad:, Ihdr head and sliotdders icAen 
thei/wa&t 

In order that they may effectually keep the centre 
of gravity of the body over the base formed by the 
soles of the feet. 

&& Why camiol a man, standing with his heels dose to a perpendiadar 
viatt, bend o^ier stijieieniiy to pick up any ofijeci thai Hes be/cve him oa the 
grwmd, iBiihoui foSiTig f 

Because tlie wall prevents him from throwing part 
of his body backward, to counterbalance the head and 
arms that must project forward. 
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Bope-dandng. How we learn to walk. 

3.00 WJicU is the reason that persons walking arTnrinromi shake and 
josUe each other ^ unless they make the movements of their feet to correspond, 
as soldiers do in marching f 

When we walk at a moderate rate, the centre of 

f gravity comes alternately over the right and over the ^ 
eft foot. The body advances, therefore, in a wam/ng 
line; and unless two persons walking together keep 
step, the waving motion of the two fails to coincide. 

lOl Where would the centre of gravity he in a wheel made entirely of 
wood and of a uniform thickness t 

In the centre. 

lOS Where would the centre of gravity he if a part of the rim of the 
same wheel were made of iron f 

It would be changed to some point oMe from the 
centre of the wheel. 

103 In what does the art of halancing or walking upon a rope consist? 

In keeping the centre of gravity in a line over the 
base upon which the body rests. 

104 What is the hose upon which the human hody rests or is supported t 

The two feet and the space included between them. 

105 Why is iia very diffictdi thing for children to learn to waJk f 

In consequence of the natural upright position of the 
human body, it is constantly necessary to employ some 
exertion to keep our balance, or to prevent ourselves 
from falling, when we place one foot before the other. 
Children, after they acquire strength to stand, are 
obliged to acquire this knowledge of preserving the 
balance by experience. When the art is once acquired, 
the necessary actions are performed involuntarily. 

106 Why do young quadrupeds learn to walk much sooner than chit- 
drenf 

Because a body is tottering in proportion to its great 
altitude and narrow iase, A cnild has a body thus 
constituted, and leams to walk but slowly because of 
this difficulty, (perhaps in ten or twelve months,) while 
the young of quadrupeds, having a hroad supportina 
iase^ are able to stand and move about almost immedi- 
ately. 

107 Are aU the limbs ofataU tree arranged in such a mminer, thai ih4 
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Une cUrededfrom the centre of gravity is caused lofaU wUhin Ihe hose of (ha 
ireef 

Mature causes the various limbs to shoot out and 
grow from the sides with as much exactness, in respect 
to keeping the centre of gravity within the base, as 
though they had been all arranged artificially. Each 
limb grows, in respect to all the others, in such a man- 
ner as to preserve a due balance between the whole. 



CHAPTEE III. 

WEIGHT. 
lOS WhatisweigMf 

Weight is the measure of the attraction of gravita- 
tion, or, in other words, it is the measure of force with 
which a bodjr is attracted by the earth, in an ordi- 
nary sense it is the quantity of maU&r contained in a 
hodyy as ascerimned hy the balance, 

lOG lbwhciii8ihewei^Mofa}x)dyprop(yriionatt 

The weight of a hody is always proportional to the 
guamiity (f matter contained in it. 

no Why wiU a laU of lead weigh more ihan a haU of cotton of the 
same size t 

Because the quantity of matter contained in the ball 
of lead is much greater than the quantity of matter 
contained in the ball of cotton. The attraction of gra- 
vitation being proportioned to the quantity of matter, 
it follows that tne lead ball will be drawn towards the 
earth with a greater force {i, e. will weigh mori) than 
the ball of cotton. 

IIX A man of moderate weight upon ihe surface of Ihe earth would 
weigh two tons if transported to (he surface of ihe sun : why would he weigh 
mors vpon Ihe surface Qf Ihe sun than upon the surface of Ihe earth f 
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TV' hen a body weighs the most Systems of weights. 



Because the attractive force of the sun, on account 
of its greater magnitude, far exceeds the attractive 
force of the earth. 

lis Why will a mass of iron weigh less on (he top of a high mov/nUiin 
than at the level of the sea f 

Because the force of the earth's attraction is less at the 
top of the mountain than at the sea-level ; the attrac- 
tion (and, therefore, the weight of a body) being greatest 
at the surface of the earth, and decreasing upward, as 
the square of its distance from the centre of the earth 
increases. 

A ball of iron, weighing a thousand pounds at the level of the sea, 
would be perceived to have lost two pounds of its weight il taken to the 
top of a mountain four miles high, a spring balance being used. 

113 Wh£re wiU a body weigh the most on the surface of the earth t 

At the poles of the earth, for at these points the 
attractive power is greatest. 

It must be remembered that the earth is not a perfect sphere, 'but flat- 
tened at the poles : consequently, the poles of the earth are nearer the 
centre of attraction (i. e. the centre of the earth) than any other point on 
its surface. 

114 Where wiU a body weigh the least on ike earth's surface t 

At the equator^ for there the attractive power is less ; 
the surface at this point being the most- distant from 
the centre of the earth. 

lis What would he the- weight of a body carried to the centre of the 
tarih f . 

It would have no weight ; for the attraction of gra- 
vitation acting equally m every direction, no enect 
would be produced ; and the body would be fixed as 
if sustained by a number of magnetic points. 

IIQ What two syst&ms of weights a/re employed in the United StcUes 
and Great Britain f 

Troy weight and avoirdupois weight. 

117 WTiat is Troy weight used f or , and from whence does it derive its 
name? 

Troy weight is used for weighing gold and silver. 
It derives its name from the ancient designation of 
London, Troy JVbvcmt^ or from Troyes^ in France, 
where it was first adopted in Europe. It has existed 
in England from the time of Edward the Confessor. 
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1.1.8 Whai is (woirdupois weight used for^ and from whence does H 
derive its name f 

Avoirdupois weight is used for the weight of mer- 
chandise otlier than the precions metals. It derives its 
name from the French a/voirs {averia)j goods or chat- 
tek, SLudjpoids^ weight. 

IXO W?uit is a grain weight f 

A grai/n weight is the smallest measure of weight 
made use of in the English'system. By a law of Engr 
land enacted in 1286, it was ordered that 32 grains 
of wheat, well dried, should weigh a pennyweight. 
Hence the name grain applied to this measure of 
weight. It was iafterwards ordered that a pennyweight 
should be divided into only 24 grains. , 

3.230 Eow do we make a grain weighi for pradicai purposes? 

By weighing a thin plate of metal of uniform thick- 
ness, and cutting out, by measurement, such a propor- 
tion of the whme as snould give one grain. In this 
way, weights may be obtainea for chemical purposes, 
which weigh only j^j^^j^^th part of a grain. 

181 WJiai part of an tnch is a line t 

One-twelfth of cm inch is designated as a line. 

12323 Are (he standards of weights and measures in the United States 
(he same as in Greai Britain f 

They are essentially the same. 

1233 Where are (he standards of weights and measures to he found in 
(he United States f 

At Washington^ and at the capitals of the several 
States of the Union ; sets having been furnished to 
each State by the United States. 

184 Are (he weights and measures used in France the same as (hose of 
(he United States and England t 

No ; they are entirely diflFerent. Within a compa- 
ratively recent time tne French have reconstructed 
their old system of weights and measures, and formed 
another on an entirely new plan. The French system 
IB, at present, the best and most accurate system 
existing. 
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CHAPTEE IV. 

MOTION. 
WJuxiis force? 

Force is whatever causes or opposes the production 
of motion in matter. 

lJ36 Whai is motion f 

It is the term applied to the phenomena of the 
ohanging of place (mwng bodies. 

127 WJioi would be the state of things if no motion existed t 

The universe would be dead. There would be no 
risinff and setting of the sun, no flow of water or of air 
(wind), no sound, light, or animal existence. 

1238 The surface of the earth ai the equator moves at the rate ofahoui a 
thousand miles in an hour : why are men not sensible of this rapid move' 
ment of the earth t 

Because all objects about the observer are moving in 
common with him. It is the natural uniformity of the 
undisturbed motion which causes the earth and all the 
bodies moving together with it upon its surface to ap- 
pear at rest. 

ISO How cam, you easily see that the earth is in motion f 

By looking at some object that is entirely v/ncon- 
nected with it, as the sun or the stars. We are here, 
however, liable to the mistake that the sun or stars are 
in motion, and not we ourselves with the earth. 

130 Does the sun reaUy rise and set each day f 

The sun maintains very nearly a constant position ; 
but the earth revolves, and is constantly changing its 
position. SeaUy^ therefore^ the sum, neUher rues n(yr 
sets. 

131 Whod do we mean by the term friction t 

In mechanics^ it signifies the resistance which a 
moving body meets with from the surface on which it 
moves. 
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3.3Q Js a possible to constmci any mackmt^ (/r arrangement of maUer^ 
%Dhich toili perpetually continue in moUon t 

It is not,' because the operations of gramiy^ the re- 
sistance of the medium through which the hody moves^ 
or the friction of the surfaces v^pon which the hody 
restSj will, in a ffiven time, destroy and terminate all 
motion. In adoition to this, all materials which we 
employ in construction will, in the course of time, wear 
out by use, or decay by natural agencies. 

133 Do we know of any instances of perpetual motion in nature t 

Yes / the various pla/netary bodies belonging to the 
solar system have been moving with undiminished 
velocity for ages past ; and, unless prevented by the 
agency which governs all nature, will continue to 
move in the same manner for ages to come. 

134 Why are horses obliged to make a much greaier exertion to start a 
carriage than afterwards to keep it in motion t 

Because when a carriage is once put in motion upon 
a level road, with a determinate speed, the only force 
necessary to sustain the motion is that which is suffi- 
cient to overcome the friction of the road / but, at 
starting, a /greater expenditure of force is necessary, 
inasmuch as not only the friction is to be overcome, 
but the force with which the vehicle is intended to 
m^ove must be connnunicated to it. 

136 What is centrifugal force f 

It is that force which causes a revolving body to fy 
from a centre, 

136 Why does a stone, discharged from a slvng^ move forwards^ w?un 
(he cord which retained it is loosened t 

Secause of the centrifugal force it has acquired by 
the whirling of the sling previous to the discharge. 

137 Why do grindstones or wheels^ in rapid motion, not unfrequenUy 
break and fly to pieces with great violence f 

Secause the centrifugal force j generated by the rapid 
revolving motion, overcomes the cohesion oi the parti- 
cles, and thus causes them to sepa/rate and^from th4 
centre. 
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138 Can abnoal all revolving bodies ie broken by mfficimt rolaUvt 

Yea; for the centrifugal force increases with the 
ra^nMiy of revolution, and finally becomee too strong 
to be resisted by the cohesive force which binds the 
particles of the body together. 

139 When a v«wcl amtammg water ia uAiWo) 
raj/iiS/y rotmd, why does not Ihe aaier/all oai when the 
VSMeJ is u{MiiJe dawn) 

Eecaaee the centrifugal force, tending 
to make the water fly from the centre, 
overcome or balances the atiraction of 
gramiaiwn, which tends to cause the 
water to fall out. 

In F!g. 6, the water contained in the bncket which 
U upside down, has no support under it, and if the 
bucket were kept still in its invened position for a 
angle moment the water would fall out bj its own 
weight, or, in other words, by the attraction of gravi- 
tation ; but the centrifugal force, wliich ia caused bj 
the whirling o!' the bucket in the direction of the 
arrow, tends to driTe Ihe water out through the bot- 
tom and side of the vessel, and as this lost force ia 
equal to and balances the other, the water retAina ita 
place, and not a drop is spilled. 

140 Sow mtieh fiaUr aotild Ok mrOt be required 
to revolve in order to make the ceiOrifagai Jarce eqyai to 
the aitraciion o/ gravitation t 

Sevenketi times faster, or in eighty- 
fonr , minutes, instead of twenty-four 
hours : in this case all bodies at the 
equator of the earth would be destitute 
of weight. 

141 What m, 
revolved around ii 
miniileaT 

Gravitation would be completely over- 
powered, and aU Jluida and loose »wi- 
"• °- stances would fly from the surface. 

T horse, in tv/ming a corner ra/pi^, Atdin* 

Because the centrif-ugal force, produced by turning 
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. AoCloD of ocDtitfogal force In eqneAtriui ipoTU. 

rapidly, tends to throw him away from the comer i 
therefore, he inclines inwards to counteract it. 
143 Whj/ doa a horse in a circus ring lean towarda Oie eeniret 
"When the horse moves rapidly around the circular 
course, the centrifugal force generated, tends to throw 
him over, outwardly, or away from the centre of the 
ring ; and this tendency the animal counteracts, by 
incliDing his body in an opposite direction. 



In all eqnesMao Ibets exhibited in the circas, It will be observed ttial 
not onlj the horse but the rider iDclines his bodj towards the centre, 
Fig. 1, and according as the speed of tlio horso round the ring is increased, 
tbia inclination l)ceomea more conaidprable. Whpn tlie horse walks 
slowlj round a large ring tliis inclination of hia body is imporeeptible ; if 
he trot there is a visible inclination inwards, and if ho galiop he indinea 
atill more, and when urged to full speed lie leans very far over on hia 
side, and his feet will bo heard to Btrike tigainst the partition wliich defines 
the ring. The explanation of all this ia, (hat the ccatritiigal force caused 
by tbe rapid motion around the ring tends to throw tlie horse out oti and 
away from, the drcular course, and Ihia he counteracts by leaoiug 
inwards. 

144 Why do waUir-doga gim a temi-rotary 7/ioventent to IMr «Mn ia 
frte ihemadeea from waiffrt 

Because in this way a centralized force is generated, 
which cauaea the drops of water adherent to them to 
fly off. 
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Phenomena of Jamplng. Flying of birds. Flying and leaping. 



- 146 Why does a person who is about to leap aver a ditch or chasm Jirsi 
make a run of a litUe distance t 

In order that the impetus he acquires in nmning 
may help him in the jump. 

146 Why is a standing leap always shorter than a running one t 

Because in the running leap, in addition to thefarSe 
acquired hy the contraction of the musdesj we have 
added the force of the motion acquired by jnmning. 

147 Why do we kick against {he door-post to shake the snow or dust 
from our shoes t 

The forward motion of the foot is arrested by the 
impact against the post ; but tliis is not the case with 
respect to the particles of dust or snow, which are not 
attached to the foot ; but the motion imparted to them 
equally with the foot is continued, and causes them to 
fly off. 

148 Why do we heat a coat or carpet to expel the dust f . 

The cause which arrests the motion imparted to the 
coat or cai*pet by the blow does not arrest the particles 
of dust, and their motion being continued, they fly off. 

140 Why eon birds fly? 

Because they have the largest bones of all animals 
in proportion to their weight. Air-vessels also enable 
them to blow out the hollow parts of their bodies, 
when they wish to make their descent slower, rise 
inore swiitly, or float in the air. The muscles that 
Jnove the wings of birds downwards, in many instan- 
ces, are a sixth part of the weight of the whole body ; 
whereas those of a man are not, in proportion, one- 
hundredth part so large. 

It is an erroneous idea, still taught in many educational works, that 
the bones of birds are hollow and filled with air. This is not the case. 
Recent investigations have shown that the bones of birds, as a general 
thing, are not more hollow than those of other animals, and do not con* 
tain air. 

ISO Why does flying differ Jrom leaping t 

Because flying is the continued suspension and pro- 
gress of the whole body in the air, by the action of the 
wings. In leaping, the body is equally suspended in 
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the air; but the suspension is only momentary. In 
flying, on the contrary, the body remains in tne air 
and acquires a progressive motion by repeated strokes 
of the wings on the surrounding fluia. 

lei Why do birds stretch otU their necks when flying f 

In order that they may act as a wedge, dividing the 
air and diminishing the resistance. 

162 Why are the strongest feathers of birds in the pinions and iaU t 

Because when the wing is expanded, the pinion- 
feathers may form, as it were, broad fansj by which 
the bird is enabled to raise itself in the air and fly ; 
while its tail-feathers direct its course. 

163 Why can a person safely skate with great rapidity over ice which 
would not support his weight if he moved over it more slowly t 

From the fact that time is required for producing 
the fract/wre of the ice: as soon as the weight of the 
skater begins to act on any point, the ice, supported by 
the water, bends slowly unaer him ; but if tne skater s 
velocity is great, he has passed otf from the spot which 
was loaded before the bending has reached the point 
which would cause the ice to break. 



U so/metimes "happens when persons are knocked down by carriages 
that the wheels pass over them ivith scarcely any injury^ though if t/ie weight 
qfthe carriage had rested on the body^ even for a few seconds^ it would have 
crushed them to death. Whai explanation can be given of this fact f 

The wheel moves with such rapidity, that the weight 
has not time sufficient to exert itsfvU effect. 



When two equal bodies meet, moving with equal velocities in oppo- 
site directions^ what wiU be the effect t 

They will both come to rest — ^for their motion being 
equal and contrary, will be mutually destroyed. 



WTien two persons strike their heads together^ one being in motion 
and the other at rest, why are both equally hurt t 

Because, when bodies strike each other, action and 
reaction are equal / the head that is at rest returns the 
blow with equal force to the head that strikes. 

167 When an elastic baJd is throvm against the side of a house with a 
certain force^ why does it rebound? 



' 



28 SCIENCE OF COMMON THINGS. 

Ezimples of action and reaction. Laws of fiilllng bodies 

Because the side of the house resists the ball with 
the scmie force, and the ball, being elastic, rebounds. 

168 When ike same haU is (hraum against a pane of glass with the 
same forct, it goes Ihrough^ breaking the glass : why does it not rebound as 
before? 

Because the glass has not sufficient power to resist 
the full force of the ball : it destroys a part of the force 
of the ball, but the remainder continuing to act, the 
ball goes through, shattering the glass. 

ISO Why did not the man succeed who undertook to make a fair wind 
for his plea.sure boal, by erecting an immense beUoios in the stenij and biow' 
ing against the sails f 

Because the action of the stream of wind and the 
reaction of the sails were exactly equal,, and, conse- 
quently, the boat remained at rest 

3.60 If he had blown in a contrary direction from (he saHSj instead of 
against them, would the bocU have moved f 

It would, with the same force that the air issued from 
the bellows-pipe. 

1.61 Why cannot a man raise himsdf over a fence by puUing upon (he 
straps of his boots f 

Because the action of the force exerted to raise him- 
self, is exactly counteracted by the reaction of the force 
which tends to keep him down. 

16J3 Doeis a man^ in romng, drive the water astern with (he same force 
that he impels the boai forwards t 

He does : acUon a/nd reaction being exactly equal. 

163 Why is it more dangerous to leap from a high window than from 
alow tablet 

Because the velocity of a faUina hody^ and, conse- 
quently, the force with which it will strike the ground, 
vncreases with the distance through which it falls. 

164 How far wiU a body faU, through the influence of gravity^ in on$ 
second of tima t 

Sixteen feet. 

166 How far wiQ itfoM in ttoo seconds f 

Four times 16 feet, or 64 feet ; in three seconds it 
will fall 144 feet ; in four, 256 ; in five seconds, 400 
feet, and so on. 
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166 WiU a mass of iron^ weighing one hundred pounds, let fail from 
an elevation^ reach the ground any quicker than a mass weighing only on4 
pound, letfaU at the same time and from (he same placet 

No ; the lighter mass will fall with the same velocityi 
and reach the gronnd as soon as the larger one. 

Before the time of Galileo it was taught and believed, that if two 
bodies of different weights were let fall from any heiglit at the same mo- 
ment, the heavier body would reach the ground as much sooner as its 
weight was greater than the smaller. Galileo, on the contrary, main- 
tained that they would both strike the ground at the same time, and, aa 
his doctrine was generally disbeUeved, he challenged his opponents to a 
practical trial. The experiment was made fix>m the top of the celebrated 
leaning tower of Pisa, in the presence of a great concourse of people, and 
result^ in the complete triumph of Galileo. 

167 WTiot is (he nUe by which (he height from which a hodyfaUs may 
be found, the tiTne consumed in f ailing being known f 

MvUiply the aauare of the number of seconds of time 
con^sum^d infaUing^ hy the distance which a hoay will 
fall in one second. 

168 If a stone is five seconds in falling fivm the top of a precipice, hov> 
high is (he precipice f 

The squa/re of five seconds is 25 ; this mnltiplied by 
16, the number of feet a hody will fall in one secona, 
gives 400, the height of the precipice. 

16Q Whai is a pendulum t 

A pendulum is a heavy hody^ as a piece of metal, 
suspended hy a wire or cord^ so as to swing backwards 
and forwarcfs. 

170 When is a pendulum said to vibrate t 

When it swings backwards and forwards ; and that 
part of the circle through which it vibrates, is called 
its arc. 

171 Vnuxt is a common clock f 

M^dv apenduiumj with wheel-work attached to it, 
to record the number of vibrations, and with a weight 
or spring, having force sufficient to counteract the re- 
tarding effects ol friction and the resistance of the air. 

172 How long must a pendulum be to beat seconds? 

About 39 inches. 

178 Why does a common dock go faster in winier fhan in swrnmer f 

2* 
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Because the pendulum-rod becomes contracted by 
cold in winter, and lengthened by heat in summer. 

174 Why does a change in the Unglh of the penduhim cause a dock to 
^0 faster or slower t 

The number of vibrations which a pendulum makes 
in a given time depends wpan ita Im^th^ because a 
long pendulum does not perform its journey to and 
from the corresponding points of its arc so soon as a 
short ono. 
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PART n. 

APPLICATION OF THE LAWS AND PROPER' 
TIES OF MATTER TO THE ARTS. 
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CHAPTEE I. 



HOW WE APPLY POWBB. 



175 Whaiis a machine? 

By a machine we understand a combmaMon of me- 
chemical powers adapted to vary the direction, applica- 
tion, and intensity of a moving force, so as to produce 
a given resvU. 

176 WJuxt is the difference between a mobchine and a tool f 

The difference between a machine cmd a tod is not 
capable of veiy precise distinction. A tool is usually 
more simple than a macliine : it is generally used Jy 
handy while a machine is generally moved by some 
vther thorn, hu7nan power. 

1.'7'7 Does a Tnachin^e ever create power ^ or increase (he qttantity of 
power or force applied to it f 

A machine will enable us to concentrate or dimde 
any kind or quantity of force which we may possess, 
but it no more increases the (juantity of force than a 
mill-pond increases the quantity of water flowing in 
the stream. 

178 From what sources do we derive advardages by the use ofirMchinea 
and manufactures t 

From the addition they make to human power; 
from the economy they produce of human time / from 
the conversion of substances apparently common and 
worthless into valuable products. 
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179 Bow do m/ochines mahe additions to kuTnan power f 

They enable us to use the powers of natural agents^ 
as windy water ^ steam/ they also enable us to use ani- 
mal power wiUi greater effect, as when we move an 
object easily with a lever, which we could not with the 
unaided hand 

180 Ebw do matihines produce economy qfhmnan time t 

They accomplish with rapidity what would require 
the hand unaided much time to perform, A machine 
turns a gun-stock in a few minutes ; to shape it by 
hand would be the work of hours. 

181 Ebw do machines convert objects apparemOy worthless into valuabU 
products t 

By their great power^ economy^ a/nd rapidity of a/> 
tiortj they make it profitable to use objects for manu- 
facturing purposes which it would be unprofitable or 
impossible to use if they were to be manufactured by 
hand. Without machines, iron could not be forged 
into shafts for gigantic engines ; fibres could not be 
twisted into cables ; granite, in large masses, could not 
be transported from me quarries. 

1823 Why are so many attempts continually mjode to produce mechani- 
cat engines which shaJH generate perpetual motion t 

Because the projectors do not understand the great 
truth, that no jorm or corribination of machinery can, 
under a/ny circv/mstances, increase the qua/niity of power 
applied. 

183 Whai is (he object ef a machine t 

To recei/ve amd distribute motion derived from an 
external agent, since no machine is capable of generat- 
ing motion or moving-power within itself. 

184 What are (he prinmpaX sources from whence power is obtained t 

Men and a/nimals, water, wind, steam, and gunpow* 
der. The power of all these may be ultimately re- 
solved into those of muscular energy, gravityj heat, 
and chemical aflSinity. 

186 Are there any other sources of power f 

Yes ; magnetism, electricity, capiUary aUraction, etc. ; 
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but none of these are capable of being used practicall j 
for the production of motion. 

1:86 EfAO is muscukvr energy exerted f 

Through tlie contraction of thejSbres which constitute 
cmimdl mvsdea. The bones act as levers to facilitate 
and direct the application of this force, the muscles 
operating on them through the medium of tendons, or 
otherwise. 

187 Whai animals possess the greatest amount of muscular power t 

Beasts of jprey. Some very small creatures, how- 
ever, possess muscular power in proportion to their 
bulk, incomparably greater than that of the largest 
and greatest of the brute creation. Kflea^ considered 
relatively to its size, is far stronger than an depha/nt or 
a Hon. 

188 In whai meihod can a man exert (he greatest €u:tive strength t 

In pvUing upwa/rds from his feet: because the 
strong muscles of the back, as well as tnose of the up- 
per and lower extremities, are then brought advan- 
tageously into action. Hence the action of rowing is 
one of the most advantageous modes of muscular action. 

180 What is the estimate of the uniform strength of an ordinary man 
for (he performance of daily m>echanical labor t 

That he can raise a weight of 10 pounds to the height 
of 10 feet once in a second^ and continue to labor for 
10 hxmrs in the day. 

lOO What is a ^'^ horse-power f We say a steam-engine is of a cer» 
tain horsepower ; what is the meaning of the term f 

The measure of a^^ horses power^^ adopted as a 
standard for estimating the power of steam-engines, is 
that he cam, raise a weight of 33,000 pownds to the 
height of one foot in a m%nute. 

1©1 Whai is the strength of a horse compared with that of man f 

The force of one horse is considered to be equal to 
that oiji/ve m^n. 

lOd What do we mean hy " waier-power ?" 

The power obtained by the action of water, — applied 
generally to the circumference of wheels, which it 
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Power <^ steam. 



Gunpowder. 



catiBes to revolve, either bv its weighty hy Us laterci 
irnpidse, or hy both comomUy, 





Fii.8. 



Fig 9. 



The most common forms of water-wheels in use are the under-shot and 
over-shot, or breast- wheels. In the under-shot wheel, Fig 8, a stream of 
water strikes against the *' float-boards " or paddles, placed so as to receive 
the impulse of the water at right angles to the radii or spokes of the 
wheel. In over-shot or breast-wheels, Fig. 9, the water is received in 
cells or buckets on the top or side. In this case the wheel revolves 
through the agency of the weight of the water. 

X03 Upon whcU does the power of steam depend f 

Upon the tendency which water possesses to expand 
into vapor when heated to a certain temperature. 

104 Whaiis gunpowder f 

A solid explosive substance, composed of saltpetre or 
nitre, sulphury and charcoal, reduced to powder, and 
mixed intimately with each other. 

1©6 Upon wluU does {he power of gunpowder depend f 

When brought in contact with any ignited substance, 
it explodes with great violence. A vast quantity of 
gas, or^ elastic jhim, is emitted, the sudden production 
of which, at a high temperature, is the cause of the 
violent effects which this substance produces. 

106 Is (he power produced in the explosion of powder ever used far 
propelHng machinery regularly t 

It is not, on account of its expensiveness and the sud- 
denness and violence of its action. It is chiefly applied 
to the throwing of shot and other projectiles, and tb* 
blasting of rocks. 
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At least 14,750 pounds upon every square inch of 
the snrface which conjGlnes it. 



What are the essential properties of a gun f 

To conf/ne the elastic jhiid generated by the explo- 
sion of the powder as completely as possible, ana to 
direct the cov/rse of the hall in a straignt or rectilinear 
path. 

XQQ Why mU a rifle send a baU more accurately than a musket^ or 
ordinary gun t 

The space produced by the difference of diameter 
between the oaU and the hore of the gv/n ^eatly di- 
minishes the effect of the powder, by allowmg a part 
of the elastic fluid to escape before the ball, and also 
permits the ball to deviate from a straight line. The 
advantage of the rifle-barrel is chiefly derived from 
the more accurate contact of the ball with the sides of 
its cavity. 

800 To what distance may a baU he ihroum by a twenty-four pounder? 

With a quantity of powder equal to two-thii'ds the 
Weight of the ball, it may be thrown about four miles. 

The effectiye range of a. twenty-four pounder is, however much less 
than this. 

dOl Eow much further would the same baU goj were the resistance of 
(he air removed t 

About ^^ times the distance^ or twenty miles. 

802 Why is gunpowder cdways manufactured in little grains t 

In order to cause it to explode m4)re quicMt/j by faci*- 
litating }^e passage of the Jiame among the particles. 

803 By what terms are cannon of different sizes disUnguis?ied f 

By the weight of the haU which they are capable of 
discharging. Thus, we have 68-pounders, 24-pounders, 
IS-pounders, and the lighter field-pieces, from 4 to 
12-pounders. 

204 Are there any mxyre eaplosive substances than gunpowder f 

Very many ; but all of them are too expensive or 
dangerous for practical use. 

SOC^ By whom was gunpowder supposed to have been discovered t 

It is generally agreed that gunpowder was used by 
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the Chinese many centuries before the Christian era. 
In Europe, its composition and properties were dis- 
covered bv Berthom SchwtwtZy a Prussian monk, in 
the twelftn century. It was first used in battle in 
1346. 



CHAPTER II. 

STBENGTH OF MATERIALS. 

806 When materiab are employed for mechanicaipurpoaea^ upon what 
does their power or strength^ apart from the nature of iJie mcUerial^ depend 
for resisting external force f 

. Upon the shape of the material, its hearing^ and the 
nature of the force applied to it. 

S07 In what position wiU a bar or beam sustain the greatest applicatioi^ 
of force f 

When it is strained dn the direction of its length. 

808 What do we mean by stiffness ofamateriai t 

It is the resistance to the application of force tending 
to bend it 

80d How much siiffer is a beam supported at both ends^ than on$ of 
luUfthe length firmly faced at only one endf 

Twice as stif£ 

1310 In what form can a given quantity of matter be arranged soasi^ 
oppose the greatest resistance to a bending force f 

In the form of a hoUow tube or cylinder, 

811 Why are the bones of man and animals hollow and cylindrical f 

Because in this form they can with the least weight 
of material sustain the greatest force. In man and 
animals, the hollow part of the bones is filled with an 
oily substance called marrow. 

818 Why are the quills of birds hoUow and empty of marrow f 
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In order that they may possess the greatest streugth, 
and by their lightness assist in flying. 

213 Why ojrt Hie stems of seeds and grain-bearing plants hoUow tubes t 

Because this disposition of matter gives to the stalk 
its greatest strength, enables it to resist the action of 
the wind, and sustain, without breaking, the ripened 
ear of grain or seed. 

S3.4 Is a column with ridges ^rejecting from ity stronger than one thai 
ts perfectly smooth f 

It is. 

S31CS Why is a hoUow ivJbe of metaZ stronger (han the same quantity of 
metal as a soUd rod f 

Because its substance standing farther from the 
cent/re^ has a greater power of resisting a bending 
force. 

216 Of two "bodies of similar shape, but of different sizes, which ispro- 
portionably the weaker f 

The la/rger. That a large body may have propor- 
tionate strength to a smaller, it must nave a greater 
proportionate amount of material ; and beyond a cer- 
tain limit, no proportions whatever will keep it to- 
gether ; but it will fall in pieces by its own weight. 

217 Why cannot trees attain an unlimited height of trunk f 

Because, beyond a certain limit, the weight of the 
material will overcome the supporting strength of the 
materiaL 

218 Why is it impracticable to buHd ships beyond a certain size t 

Because the weight of the timber and other materials 
contained in them tenos to cause them to fall apart. 

In 1825, two yesselB, the largest ever constructed, were built in Ca- 
nada, of 10,000 tons burden. They were found to be weak from thmr 
dze alone^ and were both lost on their first voyage. 
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CHAPTER III. 

APPLICATION OF MATERIALS FOR ARCHITECTURAL OR 

STRUCTURAL PURPOSES. 

819 What are cementat 

Cements are for the most part soft or semi-fluid sub- 
stances which have the property of heooming hard in 
time^ and cohering with oth&r bodies to which they ha/oe 
been applied. 

880 Of what are the ordinary cements which are caUed mortars comr 
posed? 

Of quicklime^ sandy and water. 

281 Whai is quicklime t 

Quicklime is principally jtn/r^ limey and is obtainer^ 
from the limestone rock, ordinary marble, or shellc, 
which are composed of carbonate of lime, by calcina 
tion. The eflfect of the burning is to drive on the car- 
bonic acid, leaving the lime pure and uncombined. 

SSS What is slacked Um£t 

If quicklime obtained as above described be wet 
with watery it instantly swells and cracks, becomes 
exceedingly hot, and at length falls into a white, soft, 
impalpable powder. This is denominated ^^ slacked 
Ivme. 

883 What is ordinary whitewash? 

A mixture of slacked linie with water. 

884 Why should slacked Ume intended for mortars be eosduded from 
the airj or used soon after it has been prepared t 

Because if exposed to the air it absorbs carbonic 
actdy and becomes converted again into its former con- 
dition of carbonate of lime. 

886 Why does mortar become hard after a few days t 

A portion of the water evaporates, and the lime by 
a sort of crystallization adheres to the pai*ticles of sand 
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ani "unites them together. The lime also gradually 
becomes converted into carbonate of lime. 

That which is wholly sUiciotcs and is sharp ; that is, 
not having its particles rounded by attrition. 

287 What are the proportions of lime and eand in good mortar t 

The proportions are varied in different places : the 
amount of sandy however, always exceeds that of the 
lime. The more samd that can be incorporated with 
the lime the better, provided the necessary degree of 
plasticity is preserveu. 

■ 228 WhaJCare ivaier^ hydraulic^ or Roman cements^ 

Those which have the property of ha/rdening under 
water^ and of consolidating almost immediately on be- 
ing mixed. 

220 To what cause do the water-cements owe their property of becoming 
hard under waUfr t 

The cause is not satisfactorily known : all water- 
cements contain a portion of burnt clay^ which proba- 
bly absorbs immeaiately all supei'abundant moisture 
from the lime, and thus expedites its solidification. 

This explanation is rendered more probable fh>m the fact, that if the 
clay is burnt sufficient to vitrify it or convert it into brick^ it ceases to 
form a water-cement 

230 WJutt are the constituents of a water-cement t 

Quicklime^ samd or sUica^ and a proportion of c^y. 

.231 WfuUis stucco f 

Stucco is composed of various ingredients, generally 
of "plaster of Pa/ris^'^ sometimes ot white marble pul- 
verized and mixed with plaster and lime. 

232 WhaJtisterrorCoUaf 

Literally, haJced clay^ a name given to statues, archi- 
tectural ornaments, vases, figures, etc., modelled of 
potters'-clay and fine colorless sand, and afterwards 
axposed to a most intense heat. 

233 Why a/re bricks when burned usuaUy of a red color t 

Because the iron contained in the clay is converted 
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by the heat into the red oxide of i/ron^ and acts in this 
state as red coloring material 

834 Why are the bricks 'iimnu/aciured ai Chicago, and some oOier 
parts of the Western cawUry^ of a white or yellow cohrt 

Because the clay of which they are formed does not 
contain sufficient won to color them. 

23CS Why did the children of Israel in making bricks desire to m4» 
iiraw wUh the clay t 

The bricks of the Egyptians were composed of clay 
simply baked in the sun^ and not burnt. By using 
straw the clay was held together more firmly and the 
brick rendered stronger. 

836 Why are the Egyptians enabled io dispense with Ihe process of 
burning the bricks t 

The extreme dryness of the climate in which they 
were used enable them to dispense with the burning. 
Bricks from Egypt and Babylon, which have remained 
exposed to the open air uninjured for two thousand 
years, rapidly fall to pieces when transported to a 
moist climate. 

837 Why do we mix hair with mortar t 

In order to render it more cohesive and stronger. 

338 What are tHest 

Plates of burnt clay resembling bricks in composi- 
tion and manufacture, and used for the coverings of 
roofs or floors. 

83d WJiat is mastich orinasticf 

The name given to those cements which contain ani« 
mal or vegetable substances in composition. Mastich 
used for Sie external decoration of houses often con- 
tains oil and a preparation of lead. 

840 WhcttispuUyf 

Putty, used by glaziers in setting window-glass and 
for other purposes, is composed of whiting and linseed- 
oil, mixea and worked together. Whitmg is simply 
common chalk ground and purified. 
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CHAPTEE IV. 

PBINCIPLES OF ABOHrrBOnrKB 
©41 What is ardhiiecture f 

Li its general sense it is the art of erecting buildings. 
In modem use, this name is often restrictea to the ex- 
ternaiybrm* or styZea of building. 

848 To whai cause do (he different varieUea of architeciurs owe (heir 
triginf 

To the rude structures which the dimate or materials 
of any country obliged its early inhabitants to adopt 
for temporary shelter. 

. These stnictures with all their prominent features have been afterwards 
kept up by their refined and opulent posterity. Thus the Egyptian style 
of architecture had its origin in the cavern or mound; the Chinese archi- 
tecture is modelled from the tent; the Grecian is modelled from the 
wooden cabin ; and the Gothic from the bower of trees. 

8<48 What kind of ahxipe is it most probable (hat the first human Tuibi- 
taiions assumed t 

We have every reason to believe that huts of a 
conical form were first constructed. 



Whyt 

First, on account of their being easily erected, and 
as easily^ removed ; secondly, because their declivity 
on all sides would cause the rain to run off; and, 
thirdly, owing to their breadth at the base and their 
gradually growing to a point at the top, they were 
capable of resisting the ordinary force of the wind. 

Q^S Are conuxU huts anywhere in use at the present timet 

Yes ; we find them still used by the uncultivated in- 
habitants of the South Sea Islands, by the American 
Indians, by the Hottentots, the Eamskatschans, and 
other uncivilized tribes. 

846 WJuU are the three chief properties of a good building f 

Usefulness, strength, and beauty. 

847 ffnw ars they to be aUainedf ... 
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The proper arrangement of the respective parts of 
the building will insure its usefulness. Its strength 
will principally depend on the walls being laid on a 

food and firm foundation, of sufficient thicmess at the 
ottom, and standing perfectly perpendicular. And if 
all the parts of a building correspond- with each other, 
and are handsome in themselves, then the architect 
may rely on its beauty. 

248 W?iat are the esserUicd eHemeniary parts of a building f 

Those which contribute to its supporty inclaaure^ and 
covering. 

{34© WhaiisapOef 

A cylinder of wood or itiQtsl povrded at one extremity 
and driven forcibly into the earth, to serve as a support 
or foundation of some structure. It is generally used 
in marshy or wet places, where a stable foundatioa 
could not otherwise be obtained. 

8SO Why are long columns supporting great weights made smaSer at 
the top than at the bottom t 

Eecause the lower part of the column must sustain 
not only the weight of the mperior part^ but also the 
weight which presses equaUy on the whole colv/m/n., 
Tlierefore the thickness of the column should gradually 
decrease from bottom to top. 

861 In the eonsiaruo' 
iion of buildings various 
terms are employed to d^ 
signage the method in 
which the timbers art 
fUted into each other: whai 
do we msan by mortising? 

Mortising is a 
method of insertion 
in which the pro- 
jecting extremity 
of one timber is 




Fit. 10. 



received into a perforation in another. (See fig. 10.) 

SS2 Why are steep roofs^ or those constructed with considerable inicU" 
iMtion^ best adapted for houses in cold climates t 

In order that the snow may not be retained upon 
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them, which otherwise would be liable to injure the 
building by its weight. 

263 WJuU is a Truniiae f 

The openina or hole cut m one piece of wood to 
admit ihe jprojecting ext/remity of another piece. 

864 Whaiisaimcmf 

The end of a piece of tirnber which is reduced in di- 
mensions so as to be fitted into a mortise for fastening 
two timbers together. 

S36S WhxU is scarfing and interlocking t 

It is that method of insertion in which the ends of 
pieces overlay each other^ a/nd are indented together^ so 
as to resist longitudinal strain by exteiitjion, as in tie 
bearers and the ends of hoops, (pee Jig. 11.) 




Fig. u. 
WTuU is Umgtteing and rabbeting f 

It is that method of insertion in which tlie edges of 
'boa/rds are wholly or partially received by charmds m 
each other. 

S67 Whai is an arch t 

It is a part of a structure or building suspended over 
a hollow, and concave towards the area of the hollow. 

268 Is it Tmovm ai whai time (he arch was invented f 

It is not ; it does not appear to have been known to 
the ancients. 

S6Q Why is an arch capable of resisting a greater amount of pressure 
than a horizontal or rectangtdar structure constructed o/the same ma- 
leriaisf 

Because the arrangement of the materials composing 



44 SCIENCE OF OOMMOK THIKG8. 




DovetalUng. Construction of the skull. Egg-shells. 

the arch is such, that the force which would break a 
horizontal beam or structure is made to compress all the 
paHides of the a/rch alike^ and they are therefore in no 
uanger of being torn or overcome separately. 

260 WJuUismeavUly doveiaiUngt 

It is a method of insertion in 
which the parts are connected 
hy wedg€rsha/ped i/ndentations^ 
which permit them to be sepa- 
rated mdy m one direction. {See 

261 WJuU beaiUiful applicoMcm of the arch exists in ike human struc- 
ture f 

In the shdl, protecting the brain. The materials 
are here so arranged as to present the greatest strength, 
with the least weight. 

86S Why is U difficuU to break an egg hy pressing direcUy upon its 
ends? 

Because the sheU of the egg is constructed on the. 
principle of the a/rch^ and is therefore capable of re- 
sisting great pressure. 

S63 Why is a disTied or arched wheel of a carriage much stronger for 
resisting all kinds of shacks than aflat wheel f 

In an arched or dished wheel, the , extremity of a 
spoke cannot be displaced inwards, or towards the car- 
riage, unless the rim of the wheel be enlarged^ or all 
the other spokes yield at the same time ; and it cannot 
be displaced outwards, unless the rim be diminished^ 
or the other spokes yield in an opposite direction. 

Now the rim, being strongly bound with a tire of iron, cannot suffer 
either increase or diminution, and the strength of all the spokee is thus 
conferred by it on each individually. In a flai wheel, a given degree of 
displacement, outwards or inwards, of the extremities of a spoke, would 
less affect the magnitude of the circumference, and therefore the rim of 
such a wheel secures it much less firmly. 

864 Why are the fore wheels of carriages smdBer than the hind 
wheels f 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to the mag- 
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nitude ; the smaller wheel having to rise a steeper 
curve. 

266 What it an ailmtment f 

The vertical wall which sustains the base, or " spring'* 
of an arch. 

266 WTutt is meant by an order in architecture t 

By an architectural order, we understand a certain 
mode of arranging and decorating a column^ and the 
adjacent parts of the structure which it supports or 
adorns. 

©67 How many orders are recognised f 

Five: — the Doricy lonic^ and Corinthian^ derived 
from the Greeks; to these the Eomans added two 
others, known as the Tuscan and Composite. 

S68 H(yu9 do pilasters differ from columns? 

Only in their plan, which is squarcy as that of 
colunms is round : pilasters are attached to walls. 

S360 What is a portico f 

A portico is a continued range of columns covered at 
the top to shelter from the weather. The portico of the 
temple at Palmyra was full four thousand feet long. 

STO What are balusters f 

Small columnsy or pillars of woody stoncy c&c.y used 
in terraces or tops of buildings for ornament ; also to 
support railing. "When contmued for some distance, 
they foma a balustrade. 

STl Where did the Crothic order of architecture originate f 

Among the northern nations of Europe, After the 
destruction of the Roman empire, it was introduced to 
the exclusion of the Greek and Roman manner of 
architecture. It seems particularly adapted to reli- 
gious edifices. 

272 Whai are the characteristics of the Gothic architecture f 

Pointed a/rcheSy with greater height thorn, breadth in 
the proportions, with profuse om/Mnenty chiefly de- 
rived from an imitation of the leaves and flowers of 

plants. 

8 
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873 W?iat is said to have been the model of the aisle of a Gothic eaXht' 
draif 

A gr&up of tail treesy meeting at the top with inter- 
woven branches. 

S74 Ought architecture to he considered as a fine or a useful art t 

As a vseful art. 

It is degrading the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of Apollo hold a candle, or a 
fine painting stand as a fireboard. Our houses are for use, and architec- 
ture is therefore one of the useful arts. In building, we should plan the 
inside first, and then the outside to cover it. 

876 Why is it had taste to construct a dweUing-house in the form of a 
Grecian temple t 

Because a Grecian temple was intended for external 
worship^ not as a habitation or a place of meeting. 

876 Had the GoOiSy who plundered BomCj anything to do unih the 
invention of Gothic architecture t 

No; the name was introduced abont two hundred 
years ago as a term of reproach, to stigmatize the 
edifices of the Middle Ages, which departed from the 
purity of the antique models. 

877 Whatisthefa^adeof.ahuUdingt 

Its front. 

S78. What is apedestalt 

The lower part or base of the column ; a continued 
base, on which a range of columns is erected, is called 
a stylobate. 

879 Wfuxt is the hose of a column f 

The lower party where it is distinct from the shaft. 

880 What is the shaft t 

The middle or longest j!?tw^ of the column. 

881 What is the ca^ait 

The upper or ornamented pa/rt resting on the shaft. 
The height of a cohimn is measured in diameters ol 
the column itself, always taken at the base. 

888 What is the plinth r 

This term is applied to the lower part of thepedestaly 
or to any square projecting basis, such as those at the 
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EntabUitiiNb 



JLrchltiByo. 



Frleie. 



bottom of walls, and under the base of columns. The 
lower part of the pedestal being called the plinth, the 
middle part will be termed the die^ and the upper 
part the cornice of the pedestal. {See fig. 13.) 



EntftbUtoM. 



Oolnma. ^ 



Btylobftte or Pe> ^ 
destal '< 




Jf'uf .u. 



• •..CornlM. 

... .FrioM. 

• . . . Architnye. 
....Capital. 



....Gornioa 



....Die. 



....Pliath. 



883 VHua 18 ihe enUMaiuref 

The horizontal coni/inuovs j^ortion which rests upon 
the top of a row of columns. 

Whai is the archUrave f 



The lower part of the entablature. 

8S6 WTuU is ifu frieze r 
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The middle part of the entablature. 

886 Whxd is the cornice t 

The upper or projecting part of the entablature^ 
{For Hhcstration of these different terms^ see fig. 13.) 

887 In sekcting a stone for architectural purposes, how ma/y we be dtHa 
ioforra an opinion respecting its durability and permanence? 

By visiting the locality from whence it was obtained^ 
we may judge from the surfaces which have been Ixmg 
eaposed to the weather if tne rock is liable to yield to 
atmospheric injluences^ and the conditions under which 
it does so. 

" For example, if the rock be a granite, and it be Very uneven and 
rough, it may be inferred that it is not very durable ; that the feldspar, 
which forms one of its component parts, is more readily decomposed by 
the action of moisture and frost than the quartz, which is another ingre- 
dient; and therefore that it is very unsuitable for building purposes. 
Moreover, if it possesses an iron-brown or rusty appearance, it may be 
set down as highly perishable, owmg to the attraction which this metal 
has for oxygen, causing the rock to increase in bulk, and so disintegrate." 

888 Why are the sandstones, termed freestones, iU adapted for the 
extemai portions of exposed buildings f 

Because they readily absorb moisture^* and in coun- 
tries where frosts occur, tlie freezing of the water in 
the wet surface continually ^^^ off the extemai por- 
tions, and thus, in time, all ornamental work upon the 
stone will be defaced or destroyed. 

889 Why do soTne species of rock become harder when taken from (he 
quarry and exposed to the akriosphere f 

This quality, in some species of stone, arises from 
the fact that the water contained in it, when forming 
part of the natural rock, evaporates^ and the stone, 
becoming dryer, becomes harder. 

890 Why do some stones, aUhot^h hard when first qua/nried, become 
friable, and fall to pieces, when exposed to the aimosphere ¥ 

Because they contain clay or alumina in such a state 
as to readily adsorb moisture from the atmosphere ; and 
through the agency of the moisture the particles losa 
their cohesion and fall apart 
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8Q1 Ir^ what two dosses may aU fluid substaneea he divided f 

Into liquids, as water, oil, molasses, etc. ; and into 
gases, as common air, carbonic acid gas, oxygen, and 
others. 

SOS What designation do we give to (hose branches of science^ which 
treat of the laws and phenomena of liquids f 

Hydrostatics, which considers the laws and pheno- 
mena of water and other liquids in a state of rest ; and 
hydraulics, which considers the laws and phenomena 
of liquids in motion. 

Sd3 W?iai designation do we give to that department of science which 
treats of the laws and plienomena of gases, and other svlsiances resembling 
airt 

We apply the term Pneumatics to that department 
of science which explains and illustrates those pheno- 
mena which arise from the weight, pressure, or motion 
of common air and other gaseous bodies. 



CHAPTER I. 

WATER IN MOTION AND AT REST. 

SQ4: When water or any other fluid is at rest^ in what condition is iU 
surface f 

The surface of ^ater at rest is always perfectly level. 
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896 Why is the surface of a fluid at rest always level t 

Because the particles are equaUy attracted towards 
the earth hy gramty^ and are all equally and perfectly 
movable among themselves. 

896 How sUgM a declivity is suffiderU to give a running Tnotian to 
waierf 

Three inches to a mile in a smooth, straight channel, 
gives a velocity of about three miles per hour. The 
river Ganges, at a distance of 1800 miles from its 
mouth, is only 800 feet above the level of the sea. 

897 On what principle a/re we enabled to conduct water under ground 
through irregvkur tubes f 

On the principle that water will always rise to an 
exact level tn different tithes^ pipes^ or vessels communir 

eating with each other. 

If we connect together a 
series of vessels, no matter 
how various their shapes and 
capacities, so that water may 
rise from the main channel, 
A B, into them, we 'shall find 
upon pouring water into one 
that it will rise to the same 
'^sf* ^*' level in all the vessels. 

The dependence of all arrangements for conveying water in aqueducts 
under ground upon the principle, that water in closed tubes or vessels 
rises to a uniform level, is clearly shown in Fig. 15 : a^ a, a^ represents 
the water-level of a pond or reservoir upon elevated ground. From this 
pond a line of pipe is laid, passing over a bridge or viaduct at dj and 





Fiff.16. 

under a river at c. The fountains, at b, &, show the stream rising to its 
level in the pond, a, at two points of very different elevation. 

898 In what part of a river does the water flow most rapidly t 

In the middle of the stream^ at the surface. On the 
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sides and bottom the velocity is diminished by the 
friction of the water against the banks, bare, etc. 

299 What is the origin of springs t 

The water falling upon the earth miks dovmwa/rds 
through the sand and porous materials^ until an imper- 
vious o^ of day or rock is reached. Here the water 
accuimda^j ana finally hursts out at some point where 
the impervious bed or strata comes to the surface in 
consequence of a valley or excavation. 

Suppose a (Fig. 16) to 
be a gravel hill, and b 
a strata of clay or rock, 
impervious to water. 
The fluid percolating 
through the gravel 

would reach the imper- 

p. jg vious strata, along 

which it woidd run un- 
til it found an outlet at c at the fiaot of the hill, where a spring would be 
formed. 

300 Why does not the waier ooze out everywhere along the line o/juno 
Hon of (he two fomwiions — the gravel and the rock or clay — so as to form 
one conUnuous land soakf instead of a few springs only, and these far distant 
from one another t 

For two reasons : flrat, on account of rents and fis- 
sures in the layere of rock, which act as natural drains • 
secondly, the existence of i/nequalUies in the surfjbce 
of the impermeable stratum, which lead the water, as 
valleys do on the external surface of a country, into 
certain low levels and channels. 

801 Why does the water collect in an ordinary toelit 

An ordinary well consists of an excavation continued 
until a st/ratum or layer of day or rock is reached that 
is permanently saturated with water. They are not 
commonly supplied by springs, but merely by the 
draining of the water which exists within the cii'cuit 
of a few yards into a cavity. 

80J3 Why do weUs and springs fail oftentimes in dry weather t 

Because they are supplied by the water faRinq as 
rain^ which percolates from the surface of the earth. 
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303 Whalis an Artesian weUt 

Water is sometimes obtained by ioringi into the 
earth with a species of auger, until a vein or slteet of 
■water is found, which rises to tlie surface througli the 
cylindrical excavation. Snch excavations are called 
Artesian wells, because the method was first invented 
and employed at Artois, in France. 

804 Ham do you account for the wafer, risinif lo the satfaee in Arte- 
nun, aiid suniflitnes in ordinary vieUs t 

Strata which are pervious frequently alternate with 
others which are m>t so ; or may form a lasin, tlie 
area of which is-partially filled with clay, through 
wliich water cannot pass ; in snch a case it is obvious 
that the bed of sand beneath the clay, fed by the rain 
which descends on the uncovered margin of the basin, 
must form a resei-voir where the water will gradually 
accnmulate beneath tlie central layer of day, tlirongn 
which it cannot escape. If the bed of clay be pene- 
trated by natural or artificial means, the water must 
necessanly rise to the sui-face, and may even be thrown 
up in a jet to an altitude which will depend on the 
level of uie fluid in the subten-anean reservoir. 



Thiis, ir a sandy Btratum, a a (Mg. 17), acting aa a filter, occupies w 
inclined position lietweei) two otder strata impervious to water, such 
as clay, the water being absorbed by the saperQcial parts of the strata, 
aa at a a (which may be of veiy great extent), wil! penetrate through its 
whole deptli, and, finding no egress below on account or the basin-like 
form of Ute Btratum, or &om its resting at the lower terminatioo upon a 
compact rock, will aeeumulale. The porous strata, therefore, becomes a 
reservoir lo a, greater or less extent, and if hy boring througli tlie super 
iucumbeut mass, uo Ibrm an opening into Uic stratum, as at b, the water 
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will rise in it, and flow over in a jet proportional to the height of the 
water accumulated in the stratum from whence it flows. 

SOS What general effect does the cuUivaiwn and drainage of a country 
have upon the springs f 

In a well cultivated and improved country: the 
eprings are comparatively few in number and not con- 
stant. While the face of a country is rough, the rain- 
water remains long among its inequalities, slowlv sink- 
'ing into the earth to feed the springs, or slowly run- 
ning away from bogs and marshes towards the rivers ; 
but in a well drained, country the water runs off quick- 
ly, often producing dangerous floods. 

so© Mouj is the pressure of water eocerted 9 

Equally in all directions. 

so 7 Does water ^ contained in a vessel^ press with as great force against 
(he sides and top as against the bottom t 

The pressure, in all directions, is the same 

508 Whai is the resuU if a corked empty bottle be lowered into (he 
ocean for a considerable depth t 

The cork is generally forced inwards at a given 
depth, no matter in what direction the mouth of tlio 
bottle may happen to point. 

509 Jf (he cork is fastened immovably into (he botHe, what wiU be (h/6 
effects 

The bottle will be crushed inwards by the pressure 
before it reaches a depth of sixty feet. 

310 When a ship founders in shallow water, the wreck, on breaking to 
pieces, generally comes to the surface and is cast upon the shore ; but when 
a ship sinks in very deep water, it never rises : why is (his t 

The pressure of very deep water forces the water 
into the^or^ of the woodj and makes it so heavy that 
no part of the wreck is enabled to rise again. 

311 Can you sink a cork so deep that it wiU not rise io (he swrfac$ 
again f 

At a great depth the water forced by pressure into 
the pores of the cork renders it so heavy that it cannot 
rise. 

3123 WJiat is (he pressure of water expressed in numbers f 

The pressure of water at any depth, whether on the 

3* 
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sides of a vessel or on its bottom, or on any body im- 
mersed in it, is nearly one pound on the square inch 
for every two feet of depth. 

S13 Whatiswatert 

Water is a jhiid composed of oxygen and hyd/rogen^ 
in the proportion of eignt parts of oxygen to one part 
of hydrogen. 

314 Why %8 water fluid f 

Because its particles are kept separate by latent 
heat ; when a certain quantity of this latent heat is 
driven out, water becomes solid, and is called ice. 

By increasing its UUent Jieatj the paxticles of water are again subdivided 
into invisible steam, 

316 Why is spring waier generally called "Tiard water f^ 

Because it is laden witYi J^oreign matters^ and will 
not readily dissolve substances immersed in it. 

316 What makes spring or well waier genearUy hardf 

When it filters through the earth, it becomes im- 
pregnated with sulphate of lime, carbonate of lime, 
carbonic acid, magnesia, and many other impurities, 
from the ea/rths and minerals with which it comes in 
contact. 

317 What is the cause of mineral springs t 

When water trickles through the ground, it dissolves 
some of the substances with which it comes in contact ; 
if these substances are retained in solution, the water 
will partake of their mineral character. 

318 WTien is a mineral water called a chalyheaie f 

When it contains irorij in some form, dissolved in it 

31Q Mineral springs exist in aU parts of our country : what is ike 
nature of the substances contained in {hem f 

The great majority of them are only impregnated 
with irony salt^ or swphv/r. Some few, however, con- 
tain many different substances, as the mineral waters 
of Saratoga. 

320 Why are springs containing iron in large quantities beneficial to 
tome invalids f 

Because the iron contained in the water acts as a 
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tonic ; that is, it strengthens and invigorates the sys- 
tem. 

8S1 Wkai quantity of mineral matter is generally contained in com- 
paratively pure natural waiers t 

Any water which contains less ihcm fifteen grains of 
solid mineral matter in a gallon, is considered as com- 
paratwdy pure. Some natural waters are known so 
pore that they contain only ^V^h of a grain of mineral 
matter to the gallon, but such instances are veiy rare. 

Waters obtained from different sources may be classed as regards com. 
parative purity as follows : 

Rain water must be considered as the purest natural water, especially 
that which falls in districts remote from towns or habitations; then 
comes river water ; next, the water of lakes and ponds ; next, spring 
waters ; and then the waters of mineral springs. Succeeding these, are 
the waters of great arms of the ocean into which immense rivers dis- 
charge their volumes, as the water of the Black Sea, which is only 
brackish ; then the waters of the ocean itself; then those of the Mediter- 
ranean and other inland seas ; and last of all, the waters of those lakes 
which have no outlet, as the Dead Sea^ Caspian, Great Salt Lake of 
Utah, eta etc. 

32S3 How much sdid matter is ordinarily contained in a gallon of sea 
water f 

From twenty-two hundred to twenty-eight hundred 
grains. 

323 Bow much solid matter is contained in a gaMon of waierj/rom the 
Dead Seaf 

From eleven thmtsand to tioenty-one thousand grains^ 
or nearly one-fourth part of its weight. 

324 Does air exist in aU natural waters t 

It does : fishes and other ma/rine animals are depend- 
ent on the air which water contains for their existence. 

326 Would absolutely pure water act as a poison to a fish f 

The fish would die of sufibcation in such water. 

826 Wheie is the purest water to he found as a natural product f 

The purest natural water that can be procured is 
obtained by melting fresTdy-f alien snow^ or by receiv- 
ing rain in clean vessels at a distance from houses. 

327 Why is flowing waler not Uahle to become stagnant f 

Because its currents carry away all contamiruitvng 
sitbsta/nces to the sea. 
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888 Whxit makes water bubble and sparkle t 

The air or gas contained in it. 

82& Why does soapy watej', especially^ bubble t 

Because soap makes water tenacious, and prevents 
the bubbles from bursting as soon as they are formed. 

S30 When soap-bubbles are blown from a pipe, why do they ascend f 

Because they are filled with the warm air of the 
lungs, which is lighter than cold air. 

381 Why is water fresh from the well or fountain more sparkling and 
refreshing than the same water after it has been for som^ tim^ exposed to 
the air f 

All spring and well waters contain atmospheric air^ 
oxygen^ and carbonic acid gases^ dissolved in them. 

The amount of these substances contained in water, depends upon its 
temperature, cold water dissolving and retaining a larger quantity than 
warm or tepi4 waters. When cold waters from springs or fountains are 
exposed to the air, they become elevated in temperature, and the gases 
contained in them escape, rendering the water flat and insipid. ' The 
principal agent in imparting a sparkle and freshness to water is atmo- 
spheric air, and not carbonic acid, as is often supposed and taught. The 
quantity of carbonic acid present in ordinary spring waters is generally 
inconsiderable. 

882 Why is it difficult to wash with hard water f * 

Because the water contains saline matters^ which 
deprive the water of a part of its solvent power. 

838 Why is it diffixmU to wash with soap in saM water t 

Because soap is insoluble in salt water. 

884 Why does waier clean dirty linen t 

Because it dissolves the stains as it would dissolve salt. 

386 Why does soap greatly increase the cleansing power of water f 

Because many stains are of a greasy nature ; and the 
alkali of the soap has the power of uniting with grea&y 
matters, and rendering them soluble in water. 

836 Why is rain water soft f 

Because it is not impregnated with earths and mine^ 
rals. 

337 Why is it more easy to wash with soft waier than with hard? 

Because soft water unites freely with soap and dis- 
solves it ; in hard water the soap is either insoluble oi 
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becomes decomposed. Tlie solvent power of water 
increases also with its purity or softness. 

838 When we wash with soap in water what chemical action takes 
placet 

The soap is resolved into a fatty svhstance and an 
alhali ; the alkali dissolves most of the organic sob^ 
stances which constitute the dirt which we wish to 
remove, and the greasy matter effects by its lubricity 
an easy washing away of the dissolved matter from 
other substances. 

339 Why do wood ashes render hard water soft t 

Because they contain a powerful alkali — ^potash, 
which removes or neutralizes those impurities in the 
water which rendered it hard and unfit lor washing. 

S40 Why does sugar or saU give a flavor to water t 

Because the sugar or salt (being separated- into very 
minute parUcleS) floats about in the water, and mixes 
with it intimately. 

341 Why does hot water dissolve sugar and saU more readily than 
cold water f 

Because the heat of the water assists its solvent ao- 
tion, and opens for the water a passage through the 
particles of the substance. 

34S Why is the sea salt f 

The sea has undoubtedly derived all Its salt and 
other soluble mineral substances by washings from 
the la/nd. The streams that have flowed into it for 
ages have been constantly adding to its quantity, until 
it has acquired its present condition. 

_ _ / 

343 Why is not rain water saltj although most of it is evaporated 
from the seat 

Because salt will not eva/porate^ and therefore when 
sea water is turned into vapor, its salt is left behind. 

344 Is there mjore or less of salt in every spring, river, or lake f 

The saline condition of sea water is but an exagge- 
ration of that of all ordinary lakes, rivers, and springs ; 
they all contain Tnore or less of salty but their contents 
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are continually changing and discharging themselves 
into the sea ; therefore the salt does not accumulate 

346 Is every lake into which rivers flow^ wnd from which there ts no 
outlet except by evaporationj a salt lake f 

It is; and it is curious to observe that this condition 
disappears when an artificial outlet is provided for such 
waters. 

Such lakes are the Dead Sea, the Caspian, the Sea of Aral, and the 
Great Salt Lake of Utah, the saltness of all of which exceeds that of the 
ocean. 

346 What good purposes does the presence of so much saU in the ocean 
subserve? 

It depresses the freezing point of the water many de- 
grees, tliereby diminishing the dangerous facility with 
which fields of ice are formed in the polar regions ; it 
also aids in preventing the corruption of the water by 
the accumulation of animal and vegetable remains. 

847 Whai are die substances extracted from the earth which we find 
in sea water t 

The most abundant substance is common salt ; next, 
certain combinations of m^nesia: then salts of lime^ 
with small proportions oi potash^ tro7ij iodine^ and hro- 
m^ine. 

348 Are these substances found in most springs f 

With the exception of iodine and bromine, they may 
be found in small quantities in almost all springs and 
rivers. 

34Q Are those substances which we caU impurities in waier of any ser- 
vice to animal or vegeiaple systems f 

They give to water its freshness and sfparTdinq pro- 
perties ; pure distilled water is very disagreeable to 
drink ; these substances are also generally beneficial to 
the systems of plants and animals, and are absorbed by 
them with the water. 

360 Does waier form part of the composition of most bodies f 

It enters directly into the composition of nearly aU 
crystaUizahle bodies and most organic compawnds. 

361 If the toaters of the ocean were not agitated by winds^ cwrrenlSf 
and tidesj whai would be the effectf 
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The water would become atagnamt. 

86d Will water contaminated with animal and vegetable maUer under 
dome drcmnstances purify itself 

Water contaminated with animal and vegetable mat- 
ter, if kept for some time, undergoes a sporUaneaua 
mtrijicatton^ losing its offensive odor and color, and 
depositing more or less sediment. Water, for the sup- 
ply of ships, is well known to undergo this process of 
purification by fermentation ; and the larger tlie quan- 
tity of destructible matter suspended in it, the more 
complete and rapid is its purification. 

853 WJiatisatider 

A tide is a wa/ve of the whole ocewriy which is elevated 
to a certain height, and then sinks, after the manner 
of a common wave. 

364 WJiat is the cause of tides t 

Tlie attraction of the sun and moon upon the waters 
of the ocean. The moon being nearest to the earth, 
her attraction is six times greater, than that of the sun. 
This attraction of the moon raises the watere of the 
ocean as they come under her influence by the motion 
of the earth on its axis. 

866 Ebw many tides are there in a day t 

Two in every lunar day — a period of 24 hours 49 
minutes. 

866 WJuU tides are the highest? 

The spring tides. 

367 Why are they higher than at other periods? 

Because the sun and moon are then in such a posi- 
tion that they exert their influence together. For every 
five feet of height in tide produced by the moon, the 
influence of the sun adds one foot. 

368 What are neap tides t 

Low tides. 

869 Why are neap tides lower than other tides f 

Because then the sun and moon have such positions 
that dieir attractive influence is opposed to each other ; 
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and for every six feet of the moon's tide, the opposite 
attraction of the sun takes away one foot. 

S60 Edw fast does the tide wave move f 

The rate of movement of the tide wave depends 
upon the nature anJ depth of the sea bottom. With a 
depth of one fathom, its rate is eiffht miles per Jwur y 
and with one hundred fathoms, eighty miles per Jwur. 

361 Does the height of the same tide vary in different places t 

The height of the tide in different places depends 
much on the configuration of the land ; the same tide 
may rise in one place three inches, and in another 
place thirty feet. 

3SS At what period during the day is it high water t 

When the moon passes the meridian — ^that is, when 
it is nearly vertical over the place — the sea is elevated 
to the greatest extent, and it is said to be high water. 

863 When is it low water t 

When the moon is upon the horizon^ or about six 
hours after high tide. As the moon passes the meri- 
dian below the horizon, another elevation occurs, so that 
we have the ebb and flow of the tide twice every day. 

364 Bow mtich later does the. tidal ebb and flow occur each day? 

The time becomes later eveiy day by about fifty 
and a half minutes, which is the excess of a lunar day 
above a solar one: 28^ minutes of the former being 
equal to 27^ minutes of the latter. 

366 WJiat is the cattse of ordinary sea waves f 

The wind, pressing unequally on the surface of the 
sea, depresses one part more than another ; every de- 
pression causes a corresponding elevation, and these 
undulations are called waves. 

It must be remembered that waves have no other than a vertical mo- 
tion^ i.e. up and down. Any substance, as a buoy, floating on a wave, 
is merely elevated and depressed alternately; it does not otherwise 
change its place. ' . 

366 Jf waves are stationary^ and only move up anddovm, why do they 
teem to advance towards the shore f 

This is an ocular deception. When a corkscrmo is 
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turned round, the thread appeara to move forward ; 
and the apparent onward motion of the waves of the 
sea is a similar delusion." 

367 Whai is Vie came of breakers f 

Tlie interference of rocks or rising hcmks in the sea 
with the regular form of the wave, by which the ont^ 
line or curve of the wave is broken. 

368 What causes the spray of waves t 

Tlie wind driving the surface of the water from the 
top of the wave, and scattering the small particles in 
all directions. 

36e What is t?ie surf t 

When the shore hms out very shallow for a great 
extent, the breakers are distinguished by the name of 
surf. 

370 What do we krww concerning the magnitude and velocity of ocean 
waves f 

On the Atlantic, during a storm, the waves rise to a 
height of about forty-three feet above the hollow occu- 
pied by the ship ; the total distance between the crests 
of two large waves being 559 feet, which distance is 
passed by tlie wave in about seventeen seconds of time. 

371 With lohat velocity is it estimaied that such storm waves as the 
above described travel f 

At the rate of about thirty-two miles per hour. 

A wave is a form^ and not a thing ; the form advances, but not the 
substance of the waves. 

373 If a cock at the extremity of a pipe he suddenly closed while water 
is running through^ why is a nowe and shock produced f 

Because the forward motion of the whole body of 
the water contained in the pipe being instantly arrested^ 
and the momentum of a liquid being as great as that 
of a solid, the water strikes the cock with as much force 
as if it were a long bar of metal, or a rod of wood hav- 
ing the same weight and velocity as the water. Then, 
as a fluid presses equally in all directions, a leaden 
pipe of great lengtli may be widened, or even burst in 
the experiment. 
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CHAPTEE II. 

SPECIFIC GRAvnr. 

873 Why does ice float upon water f 

Because it is lighter than water. 

874 Why does iron sink in water f 

Because it is heamer than water. 

ST'S If we put a piece of ice in akohol^ it sinks; if we put a piece of 
iron upon quicksilver^ it floats : why is this f 

Because the ice is heavier than the alcohol, and the 
iron is lighter than the quicksilver. 

876 Whai do we mean, when we say (hat ice is Ughier than ironf 

We mean that, taking eqital hvlka of each, the former 
weighs less than the latter; and when we say that 
quicksilver is heavier than water, we mean that, in 
equal vclwnes^ as a pint, for instance, the quicksilver 
has a greater weight than the water. 

377 Whai, then, is specific gravity f 

It is the weight of a body compared with the weight 
of an eqital bulk of water. 

378 How does it differ from ordinary or absolute weight f 

In absclute weight no regard is paid to the volume or 
hulk of substances. In specific weight, a given bulk 
or volume is compared with an equal volume or bulk 
of water. 

870 Whai body has the greatest specific weight t 

Purified plaiina^ which is 22 times heavier than an 
equal bulk of water. 

380 Whai substance has Vie smallest specific weight f 

Hydrogen ga>8, which is 12,000 times lighter than an 
equal bulk of water, 

. 881 Why tvHi an egg floai in strong brine, and not in fresh water f 

Because the solution of a solid in any liquid increases 
its densitnf^ or its »pecifi^ gravity : the addition of sali 
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to the water, renders tlie specific gravity of the brine 
greater than that of fresh water, or of the egg. 

8823 Haw do cooka sometimes ascertain if {heir trine he saiU enough for 
pickling t 

Tliey put an egg into their hrine. If the egg sinks, 
the brine is not strong enougji ; if the egg floats^ it is, 

383 Why wiU an egg sink^ if (he hrine he not strong enough for pick- 
Ungf 

Because an egg will be the heavier / but if as much 
salt be added as the water can dissolve, an egg will be 
lighter than the strong brine, and consequently float on 
the surface. 

. 884 Why is it more easy to swim in (he sea (han in a river t 

Because the specific gravity of salt water is greater 
than that of fresh ; and, therefore, it huoys up the 
swimmer better. 

38G Why do persons sink in wa/ter when, they are unskilful sunmmers f 

Because they struggle to keep their heado^it of water- 

886 EacplaAn how this isf 

When our head is thrown back boldly into the water, 
our mouth is, kept above the surface^ and we are able 
to breathe ; but when the head is kept above the sur- 
face of the water, the chin and moutn sink heneaih it, 
and the swimmer is suifocated. 

This may be illustrated thus : — ^If a piece of wood be of such specifio 
gravity that only two square inches can float out of water, it is manifest, 
tiiat if two other inches are raised out, the two former inches must be 
plunged in. The body (in floating) resembles tliis piece of wood. If 
two square inches of our /ace float out of the water, we can breathe; but 
if part of the haxk and crown of the head are raised above the water, the 
lower part of the face wUl be depressed beneath it 

887 Why can quadrupeds swim mare easily than man t 

1. Because the t^nt/nk of quadrupeds is lighter than 
water, and this is the greater part of them ; and 

2. The position of a beast (when swimming) is a nor 
tural one. 

388 Why is it more difficuUfor a man to swim Ihanfbr aheastf 

1. Because his body is more heavy in proportion 
than that of a beast ; and 
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2. The position and muscular action of a man (when 
swimming) differ greatly from his ordinary habits ; but 
beasts swim in their ordinary position. 

889 Why can fat men swim more easily than spare ment 

Because J^at is lighter than water ; and the fatter a 
man is, the more huoyantyf\]i he be. 

S90 How are fishes able to ascend to (he surface of water t 

Fishes have an air-bladder near the abdomeii ; when 
this air-vessel is distended, the fish increases in size 
and (being lighter) ascends througli the water to its 
surface. 

8Q1 How are fishes able to dive in a minute to the bottom of a stream f 

They compress the air in their air-bladder ; in conse- 
quence of which their size is diminished, and they sink 
instantly. 

802 Why does the body of a drowned person rise and float upon the 
surface several days after deoMi t 

Because, from the accumulation of gas within the 
body (caused by incipient putrefaction), the body be- 
comes specifically lighter than water, and rises and 
floats upon the surface. 

303 H(yw are life-boats prevented from sinking f 

They contain in their sides air-tight cells, or hoxes 
filled with air, which by their buoyancy prevent the 
boat from sinking even when it is filled wim water. 

804 The slaves of the West Indies have a plan of stealing rum from a 
cask, by inserting the long neck of a bottle, full of water, through the bung. 
How are they enabled in this manner to obtain die rum f 

The rum is very much lighter than the water / and 
as the hea/mf water falls out of the bottle into the cask, 
the lighter rum, rises to take its place. 

395 Why does cream rise upon milk f 

Because it is composed of particles of oily or foMy 
matter, which are lighter than the watery particles of 
the milk. 

396 Why do stale eggs float upon water t 

Because, by keeping, adr is substituted for a portion 
of the water of the egg, which escapes. 
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307 Why does not a vessel consintcted of iron sink, as ihe iron is much 
heavier than the water f 

Because the vessel is constructed in a concave form, 
and is thus rendered buoyant. Every substance be- 
comes lighter in water, in proportion to the amount of 
waiter dwpUiced, This is a mw of nature: if it dis- 
places less water than its weight in air, it sinks; if 
more, it floats. The ship, being concave, displaces a 
greater weight of water tnan the weight of the iron of 
which it is composed in the air. 

A thick piece of iron, weighing half an ounce, loses in water nearly 
one-eighth jf its weight ; but if it is hammered out into a plate or vessel, 
of such a size that it occupies eight times as much space as before, it then 
loses its whole weight in water, and will float, sinking just to the brun. 
If made twice as large, it will displace one ounce of water, consequently, 
twice its own weight ; it will then sink to the middle, and can be loaded 
witli half an ounce weight before sinking entirely. 

308 Why are stones^ gravely and sand so easily moved by waves and 
currents f 

Because the moving water has only to overcome 
about half the weight of the stone. 

809 Why can a stone which, on land^ requires the strength of two rrven 
to Ufl it^ he lifted and carried in water by one man f 

Because the water holds up the stone with a force 
«qual to the weight of the volume of water it displaces. 



CHAPTER III. 

CAPILLARY ATTRACTION. 
400 Why does water meU sdUf 

Because very minute particles of water insinuate 
themselves into the pores of the salt by capiUa/ry at- 
ifrojction^ and force the crystals apart from each other. 

40X Why does water meU sugar t 

Because very minute particles of water insinuate 
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themselves into the pores of the sngar by capiUa/ry 
attraction, and force the crystals apart from each 
other. 

40S Wfiai is capiSary atiradion t 
The power which very minute 
tubes possess of causing liquid to 
rise in them ahove its level. 

" Capillary" from the Latin word, "capil- 
lane" (like a hair) ; the tubea referred to are 
^ost aa fine aod delicate as a hair. Water 
ascends through a lump ot sugar or pievetif 
aponge, by capillary attraction. 

N. B. The smaller the tube, the higher will 
the liquid ba attracted by it. Fig. 18 illus- 
Kf l^ trates the manner in which water will rise in 

tubes of different diameten. 

403 WJiy U vegitation on the margin of a river mart laxariant than 
in an open Jietd t 

Because the porous earth on the bank draws tip ma- 
ter to the roots of the plants by capillary attraction. 

404 Why do persons who water plariia very often pota- ike water into 
On savter, and not over the plants T 

Because the water in the saucer is drawn up by the 
mould (through the hole at the bottom of the flower- 
pot), and is transferred to the stem and leaves of the 
plant by capiUary attraction. 

400 Why is coUon best adapted /or lamp-uricka t 

Because the arrangement of the fibres of the cotton- 
wick is such, that the wliole forms a bundle of minute 
tubes, in which the oil ascends and supplies the flame 
by capiUary attraction. 

405 Why does MoUing-paper absorh ink t 

The ink ia drawn up between the minute jQyres of 
the paper by capiUary olfaction. 

407 Why toiS not writing or si^ed paper oisorS ink t 
Because the sizing, being a species of glue into 
which writing papers are dipped, ,;?Ks up the little in- 
terstices or spaces between the fiyres, ana in this way 
prevents all capillary attraction. 

40S Bam does a sponge absorb water t 
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The pores of the sponge constitute minute tuies in 
which the water rises by capillary attraction. 

40Q Why does dry vx)odj immersed in water, swell f 

Because the water enters the pores of wood by capil- 
lary attraction, and forces the particles further apart 
from each other. 

410 Why does sugar or saU give a flavor fo water f 

Because the sugar or salt (being separated into very 
minute particles) fioats about the water, and mixes 
with it intimately. 

411 Why does hot water dissolve sugar avid "saU more readily than cold 
waiert 

Because the heat of the water assists its solvent ac- 
tion^ and opens for the water a passage tlirough tlie 
particles of the substance. 



CHAPTEE IV. 

THE GENERAL PBOPEBTIES OF AEBIFOBM OB GASEOUS 

BODIES. 

412 What is the difference "between a liquid and a gas f 

The distinction between liquids and those more elas- 
tic fluids which we term air, gas, vapor, steam, etc., 
depends principally on heat aria pressure. Thus, wa- 
ter, according to the addition or subtraction of heat, 
may exist as a solid, ice ; as a liquid, water; or as a 
vapor, steam. 

413 Under what pressure of the atmospJiere is water converted into 
steam f 

Under the ordinary pressure of the atmosphere, wa- 
ter is converted into steam at 212 degrees, Fahrenheit's 
thermometer ; if this pressure is increased, it requires 
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a proportionably higher temperature ; if this pressure 
is diminished, the amount of heat required is propor- 
tionably less. 

414 How many kinds of aeriform or gaseoris bodies exist in nature? 

Those which, under common circumstances of tem- 
perature and pressure^ are always in a gaseous state, 
as common air ; and those which become gases chiejly 
at high terrvperature^ as steam, or vapor of water. 

415 Are aU gases invisible or colorless like atmospheric air f 

Some gases possess color, but the greater number 
are colorless and invisible. 

416 Of what is atmospheric air composed f 

Principally of two gases, oxygen and nitrogen^ mixed 
together in the following proportion : viz. one volume 
of oxygen to four of nitrogen. 

It must not be forgotten that the air contains small quantities of other 
gaseous substances also, as vapor of water ^ carbonic acid^ and ammxmia-. 

417 Do the particles of which aimjospheric air and other gaseous bodies 
are composed^ appear to have any cohesion between themselves f 

The ultimate particles of which air and other gases 
are composed appear to be destitute of cohesion ; . hence 
air has a disposition not only to sink down and spread 
out laterally, like liquids when unconfined, but also to 
expand and rise upwards. 

418 Is the air porous f 

Yes ; in a very high degree. 

41G How do we know this fact f 

Because air readily yields to pressure, and a great 
bulk of it may be forced to occupy a very small space. 

450 Is air also impenetrable t 

Yes ; heyond a certain limit it cannot be compressed. 

451 Syw much lighter is steam than ordinary air f 

Steam has but little more than half the weight of 
atmospheric air / and hence it rises and floats in the 
air as a cork rises and floats in water. 
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CHAPTER V. 



THE ATMOSPHERE. 



4:232 WJiat do we understand by the atmosphere t 

The thin transparent fluid which surrounds the earth 
to a considerable height above its surface, and which, 
by its peculiar constitution, supports animal life by 
respiration, and is also necessaiy for tlie due exercise 
of the vegetable functions. 

423 Is ike aimosphere invisible t 

It is generally, "but erroneously, so regarded. The 
a1/mo»pJiere is not invisible. 

424 Ebw can you prove thai (he aimospJiere is not invisible t 

Because when we look upwards into the firmament on 
a clear day, the space appears of an azure or clear color. 

This color belongs not to anything which occupies the space in wliich 
the stars or other celestial objects are placed, but to the mass of air 
through which the bodies are seen. 

426 Why do distant mountains appear blue t 

Not because it is their color, but because it is the 
color of the air through which they are seen. 

426 Eos air weight f 

It has ; as well as lead, stone, or any other material 
substance. 

427 How can this be readily proved f 

By weighing a vessel filled with air, and the same 
Vessel after the air has been exhausted from it. 

428 Can the existence of air be known by tfie sense of touch or feeling t 

It can ; since it opposes resista/nce when acted wpon^ 
and strikes with a K)rce proi)ortionate to the speed of 
its motion. 

429 Why do we always feel a breeze on the deck of a stearnboai i-h 
motion, even upon the calmest day f 

Because our bodies forcibly disjplace the air as we 
are carried through it. 

4 
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430 How are waves of the ocean produced f 

By the Jvrce of the cdr in motion^ or wind striking 
upon the surface of the water. 

431 CoM a bird fly in a space devoid of air, even if it could exist 
wUhoui respiration t 

It could not / as the bird rises simply by the resist- 
ance of the particles of air to the beating of its wings. 

432 Ebw do we know thai air is elastic t 

Because a volume of compressed air, the pressure 
being removed, immediately restores itself* to its origi- 
nal bulk. 

433 WJien is air said to be rarefied f 

When a given quantity of air is caused to expand 
and occupy a greater space, it is said to be rarefied. 

When a part of the air inclosed in any vessel is withdrawn, tliat which 
remains, expanding by its elastic property, always tills the dimensions of 
the vessel as completely as before. If nine-tenths were withdrawn, the 
remaining one-tenth would occupy the same space that the whole did 
formerly. 

434 WJiat is the Jieighi of (he atmosphere above Oie swrface of the earth t 

It id supposed to be about 45 miles ; the zone or shell 
of air which surrounds the earth to the height of nearly 
21 miles from its surface, contains one-half of the 
atmosphere ; and the remaining half being relieved of 
this superincumbent pressure, expands mto another 
zone or belt of the thicKuess of 41 or 42 miles. 

Some authorities suppose this last zone to have a much greater area. 
436 What is the weight of air compared wilh (fiat ofvsaier t 

Water is about 840 times the weight of air, taken 
hulk for hvlk. 

436 What is the estimated weight of the whole atmosphere enveloping 
the globe? 

To the weight of a globe of lead sixty miles in dia- 
meter. 

437 As air has weighi^ and as (he mass of it eoctends at least 45 miles 
above the earth^s surface^ what amount of pressure does it exeii t 

At the level of the ocean the atmosphere exerts a 
pressure of about 15 jpounds for every square inch of 
surface. 
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438 If (he air were condensed^ so as to occupy no more space tluin Ihe 
same weight ofwaier, to how great an elevaiion above the eao'ih would i^ 
extend? 

To an elevation of thirty-four feet. 

43Q In whai direction is ihe pressure of the atmosphere exerted f 

It is the nature of a fluid to transmit pressure in every 
direction equally / therefore the air presses upwards^ 
downwards^ laterally^ and (Miqudy^ with the same 
force. 



How great a pressure is exerted by the air upon the body of a 
man or animal having a surface of 2000 square inches f 

Not less than SO^OOO pounds^ or aboi^ 15 tons. 

441 Why is not the individual crushed beneaih so enormous a loadf 

Seeanse the atmosphere presses emiaUv in aU direc- 
tions, and our bodies are imed with liquids capable of 
sustaining pressure, or with air of the same dmsity as 
the external air ; so that the external ^pressure is met 
and counteracted by the internal resistance. 

442 Wfiat would be the effect upon a mxm or animal if ai once 
relieved of all cUmospJieric pressure f 

All the blood and Jluids of the body would be forced 
by eotfpansion to the suTface, and the animal would burst 

443 Whai do we mean by a vacuum f 

A space devoid of aU matter; in general, we mean 
by a vacuum, a space devoid of air. 

444 Can a perfect vacuum be produced artificially f 

No ; but confined spaces may be deprived of air 
suflSciently for all experimental or practical purposes. 

446 Are there any instances of a vacuum in nature f 

There is no positive certainty that the spaces which 
exist between the various planets and other hea- 
venly bodies^ are occupied with any material sub* 
stance. 

446 Is Ihe existence of air necessary to (he production of sound f 

It is; in a vo/Cfwwm, there can be n/) sound ; and on 
the top of high mountains, where the air is greatly 
rarefied, as on Mont Blanc, the report of a pistol can 
hardly be heard. 
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447 Why is it often painful and diffkvM to breathe on a inountain-top f 

Because, owing to the extreme rarity of the air on 
the top of the mountain, a person, although expanding 
his chest as much as usual, really takes in only half 
as much air as he does when at the foot of the moun- 
tain. 



If the lips he applied to the back of the hand, and the breath drawn 
in so aa to produce a partial vacuum in the mouthy why wiU the skin be 
drawn or sucked in f 

Not from any force resident* in the lips or the mouth 
drawing the skin in, but from the fact that the usual 
external pressure of air is removed, and that the pres- 
sure from within the skin is suffered to prevail. 

* 

44G How is a boy enabled to lift a sUme by means of the common 
sucker t 

The sucker consists of a disk of moistened leather^ 
with a string by which it may be suspended with any 
weight attachea to it. If its smooth moist surface be 
pressed so closely against the flat side of a stone or 
other body that the air cannot enter between them, the 
weight of the atmosphere pressing upon the upper sur- 
face of the leather makes it adhere so strongly, that a 
stone of weight proportioned to the extent of the disk 
of leather may be raised by lifting the string. 

450 Edw are flies and oifier small insects enabled to walk on ceilings 
and surfaces presented downwards^ or upon smooth panes of glass in an 
upright position t 

Their feet are formed in such a manner that they 
act as smaM air-pumps or suckers^ excluding the air 
between them and the surface with which they are in 
contact ; and the atmospheric pressure keeps the animal 
in position. 

451 Why in breathing do we first draw in the breath, as it is termed? 

Because by so doing we make an enlarged space in 
the chest, and the pressure of the eaftemal atmosphere 
forces the air in to fill it. 

The air enters the hmgs, not because they draw it in, but by the weight 
of the atmosphere forcing it into an empty space. 

46S- Sow is the air caused to escape from tlie lungs f 

Simply by means of its elasticity ; the lungs by 
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muscular action compress the air contained in them, 
and give to it by compression a greater elasticity than 
the air without. By the excess of the elasticity it is 
propelled, and escapes by the mouth and nose. 

4S3 Why does, a bottle or jug gurgle wTien liquid is freely poured 
from at 

On account of the pressure of the atmospJiere forcing 
mr into the interior of the bottle. In the first instance, 
the neck of the bottle is filled with liquid, so as to stop 
the admission of air. When a part has fiowed out, and 
an empty space is fonned within the bottle, the atmo- 
spheric pressure forces in a bubble of air thraugh the 
liquid in the neck, which, by rushing suddenly into the 
interior of the bottle, produces the sound. 

464 How long will a bottle continue to gurgle t 

So long as the neck continues to he choked with liquid. 
But as the contents of the bottle are discharged, the 
liquid, in flowing out, only partially fills the nec^ ; and, 
while a straam passes out through the lower half of the 
neck, a stream of air passes in through the upper part. 
The flow being now continued and uninterrupted, no 
sound takes place. 

466 Does air exist in water t 

Water, and most liquids exposed to the air, absorb a 
greater or less quantity^ which is maintained in them by 
the pressure of the atmosphere acting on the surface. 

460 Why is boiled waierflat and insipid f 

Because the agency of the heat expels the nir which 
the water previously contained. 

467 Could fishes and other marine animals live in water deprived of 
air? 

They could noty as they breathe the air contained in 
the water. 

468 Why do ale, porter, and cider froth, and champagne sparkle^ when 
uncorked and poured into an open vessel ? 

When these liquors are bottled, the air confined 
under the coi-k is condensed^ and exerts upon the sur- 
face a pressure greater than that of the atmosphere. 
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This has the effect of holding, in combination with the 
liquor, air or gas which, under the atmospheric prdssure 
omy, would escape. If any air or gas rise from the 
liquor after being bottled, it causes a still greater con- 
densation, and an increased pressure above its surface. 
When the cork is drawn fix>m a bottle containing liquor 
of this kind, the air fixed in the liquid, being released 
from the pressure of the air which was condensed under 
the cork, instantly makes its escape, and, rising in 
bubbles, produces effervescence and lixjth. 

46Q Why do bottles containing ale, cider^ porter^ &c^ frequenJOy 
burst f 

It is the nature of these liquids to produce gas or air 
in considerable quantities, the elastic force of which 
sometimes becomes greater than the cohesive stren^h 
of the particles of matter composing the bottle, which 
then necessarily gives way, or burets. 

460 Why does one kind of liquor frothy and another kind only sparkUt f 

Those liquors only which are viscid^ ghUin/mSj or 
thick^ frothy because they retain the little bubbles of 
air as they rise ; while a tliin liquor, like champagne, 
suffers the bubbles to escape readily. 



CHAPTEK VI. 

ATMOSPHERICAL PHENOMENA. 

What designation do we give to tJiai department of science wTiich 
treats of the various phenomena of the atmosphere t 

Meteorology. 

4SS Eow is the air heaJted t 

In two ways ; either by the rays of the sun passing 
through it, or by the heat communicated to it by the 
earth. 
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In whai manner is ike air heaied by (he earth f 

The sun heats the earthy and the earth heats the air 
resting upon it / the air thus heated risesy and is suc- 
ceeded by other airy which is heated in a similar way, 
till the whole volume is warmed. 



Mow is the air made coldf 

The air resting on the earth is made cold by contact ; 
this cold air makes the air above it cold ; and cold cur- 
rents (or winds) cause the whole to mix together, until 
all becomes of one temperature. 

4SS What effect is produced upon air by cold t 

It is condensed or compacted into a smaller compass ; 
in consequence of whicn it hecomes hea/oiery and de- 
scends towards the ground. 

466 Prove that the air is condensed by cold. 

Lay a bladder half full of air before a fire, till it has 
become inJkUed ; if it be now removed from the fire, 
tlie bladder will coUapse again, because the air con- 
denses into its former bulk. 

467 What effects has Jieat upon air t 

Heat rarefies or makes it lighter ; that is, a quantity 
of air heated will occupy more space than the same 
quantity which has been cooled. 

468 WhaJtiswividf 

Wind is air put in motion. 

469 WhaJt occasions those movements of the air which we caU wind? 

The principal cause is the variation of temperature 
produced by the alternation of day and night and the 
succession of the seasons. 

470 Row can winds originate through va/riations of iemperatwre f i 

When through the agency of the sun a particular 
portion of the earth's surface is heated to a greater 
degree than the remainder, the air resting upon it 
becomes rarefied and ascends^ while a. current of cold 
air rushes in to supply the vacancy. Two currents, the 
one of warm air flowing out, and the other of cold air 
flowing in, are thus continually produced ; and to these 
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movements of the atmosphere we apply the designation 
of wind. 

471 Does (he wind always hhw f 

Yes ; there is always some motion in the air ; but the 
violence of the motion is perpetually varying. 

473 Does ihe rotatien of the earth upon its axis affect the motion of 
the air t 

' Yes, in two ways: 1. As the earth moves round its 
axis, the thin movable air is left somewhat hehind^ and 
therefore seems (to a stationary object) to be blowing 
in the opposite direction to the earth's motion ; and 

2. As the earth revolves, different portions of its sur- 
face are continually passing under the vertical rays of 
the sun, 

473 Whem, are the rays of the sun caMed vertical rays t 

When the sun is in a direct line above any place, his 
^'^ys are said to be " vertical " to that place. 

474 When the sun is vertical, or nearly over head at any place, whai 
time of day is it at that place f 

Noon. 

476 How does a change in the heal of air produce wind t 

The air always seeks to preserve a/a equilihrium / so 
cold air rushes into the void made by the vpward cu/r- 
rent of warm air, 

475 Why does not the wind always blow one way, following the direc- 
tion of the sun t 

Because the direction of the wind is subject to per- 
petual interruption from hills and valleys^ deserts^ 
sea^^ &c. 

477 How can hiUs or mountains affect or change the direction and cours$ 
of ihe wind? 

K a current of air, blowing from a particular direc- 
tion, strike against the side of a mountain, it will neces- 
sarily be deflected from a straight line^ and must either 
ascend the mountain, turn hack^ or assume a lateral 
direction, 

478 Why are those winds which hhw over large continents or tracts 
of land generally dry f 



Jrtj 
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Because in their passage they absorb very litUe water^ 
as they do not blow over large oceans. 

470 Why do our hands and lips chap in frosty and windy weather f 

Because a cold, dry wind absorbs moisture from the 
surface of the skin ; and this action, in turn, causes tho 
skin to crack and iDflame. 

480 Would the wind blow regtdarly from east to west ^if dU obstructions 
were removed f 

Without doubt. If the whole earth were covered 
with wateVj the winds would always follow the sun^ 
and blow unilbrmly in one direction, 

4:81 Bo winds ever blow regtdarly f 

Yes, in those parts of the world which present a 
large surface of water, as in the Atlantic and Pacific 
Oceans. 

48S With what velocity do winds move t 

Every graduation exists in the speed of winds, from 
the mildest zephyr to the most violent hurricane. 

483 With what velocity does a wind which is hardly perceptible move t 

With a velocity of about one mile per hour, and 
with a perpendicular force on one square foot of '005 
lbs. avoirdupois. 

484 In a gentle wind^ what is the velocity and estimcded pressure t 

Tvom four to Jive miles per /lour, and a force of '079 . 
to 123 lbs.* 

485 In a very brisk vnnd, wTiat m the velocity and pressure t 

From twenty to twenty-f/oe miles per hour / force 1'9 
to 3-07 lbs. 

480 Whai is the velocity and pressure of the wind in a storm f 

From Jifty to sixty miles per hour, with a pressure 
of 7 to 12 IbB. 

487 In a hurricane, what is the estimated velocity and pressure f 

From eighty to one hundred miles per hour, with a 
varying force of 31 to 50 lbs. 



* In these estimates the pressure is computed per square foot in 
pounds avoirdupois. 

4* 
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Why do we aomeiimes see clouds at one devaUon moving in ime 
direction^ and at another ekvalionj at the same time^ others moving in a 
contrary direction t 

Because different currents of air exist at differetU 
devotions^ moving in different directions, with different 
velocities. 

In 1839, an English aeronaut, at the height of 14,000 feet, encountered 
a current that bore him along at the rate of Ave miles per hour ; but, 
upon descending to the altitude of 12,000 feet, he met with a contrary 
wind, blowing with a velocity of eighty miles per hour. 



How is Vie force of the wind ascertained 1 

By observing the amou7it of pressure that it exerts 
upon a given plane surface peTpendicvlar to its ovm 
direction. 

If the pressure plate acts freely upon spiral springs, the power of the 
wind is denoted hy the extent of tlieir compression, and that weight will 
be a measure of their force, the same as in weighing by the ordinary 
spring-balance. 

4GO What is an instrument for measuring the force of the wind called t 

An Anemometer. 

401 Whai are the constant winds which hUm over the Atlantic and 
pacific Oceans coiled f 

They are called " trade-winds.^^ 

408 Why are they called trade-winds t 

Because they are very convenient to navigators who 
have to cross the ocean, inasmuch as they always blow 
in one direction. 

4G3 In what direction do Uie trade-winds blow f 

That in the northern hemisphere blows from the 
north-east ; that in the southern hemisphere from tlie 
south-east. 



Do trade-winds blow from the north-east and south-east all the 
year round f 

Yes, in the open sea; that is in the Atlantic and 
Pacific oceans, lor about 26° each side of the equator. 



WJiere do the trade-winds blow with uniform force and constancy f 

In many parts of the Pacific embraced within the 
region of the trade- winds, a vessel may sail for a week 
without aUering the position of a sail or rope. 
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Why does a sea breeze fed coolf 

Because tlie sun cannot make the surface of the sea 
BO hot as tlie Icmd; tlierefore the air which blows from 
the sea is cooler than the air of tlie lamd. 

497 Why is thet'e generally a fresh breeze from the sea during ih4 
summer and autumn mornings t 

Because land is more heated hy the sun than the sea 
is ; and the land air becomes hotter than that over the 
sea; in consequence of which the cooler sea air glides 
inland to restore the equilibrium. 

4Q8 Why are the wesi winds in the AUaniic States generally dryf 

Because they come over large tracts of land^ and 
therefore absorb very little wa£er / and beine thirsty, 
they readily imbibe moisture from the aii* and clouds, 
and therefore hrhig dry weather. 

40Q Why is the north wind generally cold f 

Because it comes from the polar regions, over moun- 
tains of snow and seas of ice. 

600 Why are north winds generally dry f 

Because they come from colder regions, and being 
warmed by tlie heat of our climate, absorb mmsture 
from everything they touch ; in consequence of which 
they are generally dry. 

601 Why are south winds generaUy warm f 

Because they come over countries wanner than pur 
own, where tliey are much heated. 

COS Why are winds which blow over a vast body of water generaUy rainy f 

Because they come laden with vapor; if, therefore, 
they meet witn the least chilly some of the vapor is 
deposited as rain. 

603 Why is there often an evening breeze during the summer months f 

Because the earth radians heat at sunset, and the 
air is rapidly cooled down by contact; this conden- 
sation causes a motion in the air, called the evening 
breeze. 

604 Why do south winds often bring rain f 

Because, coming from the torrid zone, they are much 
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heated^ and ahsm'h water very plentifully as they pass 
over the ocean. 

60S Hcno does this account for the rainy charojcter of south winds t 

As soon as they reach a cold climate they become 
chilled, and can no longer hold all their vapor in sus- 
pension; in consequence of which some of it is deposited 
as rain. 

5O0 Why are dry winds in the spring months desirable and advanr- 
iageousfor agi'icvMural operations t 

They dry the soil saturated with the moisture oi 
winter, break vp the /leavy clods, and fit tlie land for 
the seed committed to it. 

607 Why is a fine dear day sometimes overcast in a few minutes f 

Because some sudden change of temperature has 
condensed the vapor of the air into clouds. 

608 Why are clouds sometimes dissipated very suddenly t 

Because some dry wind (blowing over the clouds) 
imbibes their fnoisture, and carries it off in invisible 
vapor. 

5O0 Why does wind sometimes bring rain, and sometimes fme weather t 

If the wind be colder than the clouds, it will condense 
their vapor into rain / but if the wind is warmer than 
the clouds, it wiU dissolve them and cause them to dis- 
appear. 

510 What is a hurricane f 

The hun'icane is a rema/rkahle storm wind, peculiar 
to certain poi'tions of the world. It rarely takes its 
rise beyond the tropics, and it is the only storm to 
dread within the region of the trade-winds. 

511 How are hurricanes especioMy distinguished from other kinds of 
tempests f 

By their extent, irresistible power, and the sudden 
changes that occur in the direction of the wind. 

S1J2 Do any particular portions of the tropics appear to be e^eciaUy 
visited with hurricanes f 

In the northern hemisphere, the hurricane most fre- 
quently occura in the regions of the West Indies ; in 
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the southern hemisphere, it occurs in the neighborhood 
of the Mauritius. 

513 Do the hurricanes occur at particular seasons f 

The West Indian occur from August to October i the 
Mauritian from February to Ajpril. 

614: What have recent investigations shown (he hurricanes to jbe f 

Extensive storms of wind, which revolve round an 
axis either upright or inclined to the horizon ; while 
at the same time the body of the storm has a progres- 
sive motion over the surface of the ocean. 

515 Illustrate more clearly Hie manner in which a hurricane moves f 

It is the nature of a hurricane' to travel round arvd 
round as well as forward, much as a corkscrew tra- 
vels through a cork, only thp circles are all^^, and de- 
scribed by a rotatory wind upon the surface of the water. 

51B "7/1 what direction would a ship revolving in the circles of a hurri' 
cane find the windf 

As the ship revolved, she would in turn find the 
wind blowing from every point of the compass. 

517 What is known concerning the distance travelled by hurricanes f 

The distance traversed by these terrible tempests is 
immense. The great gale of August, 1830, which oc- 
curred at St. Thomas on the 12th, reached the Banks 
of Newfoundland on the 19th, having travelled more 
than three thousand nautical miles in seven days / the 
track of the Cuba hurricane of 184:4 was but little infe- 
rior in length. 

518 What is knovm of their progressive and rotary velocity f 

Their progressive velocity is from seventeen to forty 
miles per hour ^ but distinct from the prog7*essive velo- 
city is the rotary, which increases from the exterior 
boundary to the centre of the storm, near which point 
the force of the tempest is greatest, the wind sometimes 
blowing at the rate of one hundred miles per hour. 

519 How great is the breadth of the hurricane t 

The surface simultaneously swept by these tremen- 
dous whirlwinds is a vast circle varying from one hvmr 
dred tof/ve hundred miUs in diameter. 
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620 How great is the surface over which they prevail f 

Mr. Redfield, of New York, has estimated the great 
Cuba hurricane of 1844 to have been not less than 
eight hundred miles in breadth, and the area over 
which it prevailed during its whole length was com- 
puted to be two million J^our hundred thousand square 
miles — an extent of surface equal to two-thirds of that 
of all Europe. 

6i31 WJiat curious fact have mariners noticed when in the centre or 
vortex of the hurricane f 

An awful calm prevails, described as the luU of the 
tempest, in which it seems to have rested only to 
gather strength for greater efforts. 

6i3i3 In what respect does a tornado differ from a hurricane f 

Tornadoes may be regarded as hurricanes, differing 
chiefly in respect to their continuance and extent 

623 How long do they usuaUy last f 

From fifteen to seventy seconds. 

6234: Whai is their extent f 

Their breadth varies from a few rod^ to several hun- 
dred yards^ and the length ol their course rarely ex- 
ceeds twenty myites. 

6i36 Whai phenomena, generally attend them f 

The tornado is generally preceded hy a calm, and 
sultry stale of the atmosphere^ when suddenly the 
whirlwind appears, prost/raUng everything before it. 
Tornadoes are usually accompanied witli thunder and 
lightning, and sometimes showers of hail. 

6J3S What is supposed to he the origin of tornadoes f 

They are supposed to be generally produced by the 
lateral action of an opposing wind, or the influence of 
a brisk gale upon a portion of the atmosphere in repose. 

6J37 How are the eddies or whirlpools produced which occur in water^ 
and which in their formation resemble some tornadoes t 

Eddies or whirlpools are most frequently formed in 
water when two stremrhs flowing unequally meet. Tliey 
may be seen at the junction of two broolis or rivers. 
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6S8 Ebw are the whirlwinds which we frequenlly aeeatihe comers of 
streets in cities prodiiced f 

They are caused by a fficst of wind sweeping round 
a comer of a building, and striking the calm air be- 
yond it. 

6S3 Whxii is a waterspout f ^ 

A waterspout is a whirlwind over the surface of 
water^ and differe from a whirlwind on land in the fact 
that w^ater is subjected to the action of the wind, instead 
of objects on the surface of the earth. 

630 Why does wind generally feel cold f 

Because a consta/nUy-changing aurfdce comes in con- 
tact with our body to draw off its heat. 

631 What are the effects of wind noticed in the Arctic regions f 

Arctic explorers inform us that in those regions, when 
the thermometer ranges from 40° to 60® below zei*o, 
the cold of the external air is easily endurable^ provided 
the air is calm and the individitai* exercises freely / but 
if a wind arises at this temperature, the severity of the 
cold becomes too great for /iu7na/n endurance. 

6323 If ihe.winds should cease to blow over the ocean, what would he the 
effect f 

Tlie water would undoubtedly become stagnant 
Tempests and huri'icanes also exercise a beneficial effect 
by agitating and purifying the atmosphere, and sweep- 
ing from it the seeds of pestilence and contagion. 

633 Whai are chudst 

Moisture evaporajted from the earthy and again par- 
tially condensed in the upper regions of the air. 

634 WhaX is the difference between a fog and a doud f 

Clouds and fogs differ only in one respect. Clouds 
are elevated above our heads^ but fogs come in contact 
with the surface of the earth. 

636 Why are cUmds higher on a fine day f 

Because they are lighter and m^ore huoyant. 

636 Why are dovds Uglder on a fine day f 

1. Because the vapor of the clouds is less condensed; 
and 
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2. Tlie air itself (on a fine day) retains much of its 
vapor in an invisible form. 

637 Why do clouds float so readily in the air f 

Because they are composed of very minute globules 
(called vesicles), which (being lighter than air) float 
like soap-bubbles. 

538 Are aU clouds alike f 

No ; they vary greatly in density, height, and color. 

639 Whai is the chief cause of fog and clouds f 

During the daily process of evaporation from the 
surface of the earth, warm, humid currents of air are 
continually ascending^' the higher they ascend, the 
colder is the atmosphere into which they enter ; and, as 
they continue to rise, a point will at length be attained 
where, in union with the colder air, their original 
humidity can no longer be retained : a cloud will then 
appear, which increases in bulk with the upward pro; 
gress of the current into colder regions. 

54:0 Bow do changes in Ote wind, produce clouds f 

If a cold current of wind blows suddenly over any 
region, it condenses the invisible vapor of tlie air into 
cloud or rain / but if a warm, current of wind blows 
over any region, it disjperses the clouds by absorbing 
their vapor. 

541 What distance are the clouds from the earth f 

Some thin, light clouds are elevated above the high- 
est mountain-top ; some heavy ones touch the steeples, 
trees, and even the earth; but the average height is 
between one amd two smiles. 

Streaky, curling clouds, like hair, are often five or six miles high. 

542 What is the size of the clouds f 

Some clouds are many squa/re miles in surfaxie, and 
above a mile in thickness / while otliers are only ^few 
yards or inches. 

543 Hoio can persons ascertain the thickness of a cloud f 

As the tops of high mountains are generally above 
the clouds, travellers may pass quite through them into 
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a clear blue firmament, when the clouds will be seen 
heneath their feet, 

544 Why do cbtbds^ when not continuous over the whoU surface of the 
skj/j appear jagged, rougli^ and uneven t 

The rays of the sun^ falling upon different surfaces at 
different angles, melt away one set of elevations, and 
create another set of depressions ; the heat also which is 
hberated from below in the process of condensation, 
the currents of warm air escaping from the earth, and 
of cold air descending from above, all tend to keep the 
clpuds in a state of agitation, upheaval, and depression. 
Under their various influences the masses of vapor 
composing the clouds are caused to assume all manner 
of grotesque and fanciful shapes. 

645 What effect have winds on the shape of clouds f 

They sometimes absorb them entirely; sometimes 
increase their volume and density j* ana sometimes 
change thejposition of their parts, 

646 How can winds ahsorh clouds altogether f 

Warm, dry winds will convert the substance of clouds 
into invisible vapor, which they will carry away in 
their own current. 

647 How can winds increase the hulk and density of clouds f 

Cold currents of wind will condense the invisible 
vapor of the air, and add it to the clouds with which 
they come in contact. 

648 Why is not (lie color of clouds always alike t 

Because their size, density, and situation in regard to 
the sun are perpetually varymg, so that sometimes one 
color is reflected and sometimes another. 

640 Why do the clouds after sunset about the viestern Jiorizon often 
exhibit a beautiful crhnson appearance t 

Because the red rays, of which the sun's light is in 
part composed, are less refrangible tlian any of the 
other colors. In consequence ot this, they are not bent 
out of their course so much as the blue and yellow rays, 
and are the last to disappear. 

I^or the same reason they are the first to appear in 
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the morning when the sun rises, and irrvpart to the 
morning dauds red or crimson colors. 



pia.u. 

Let us suppose, asin/j, 19, a ray of light, proceeding from tlio sun, S, 
to enter tlie earth's atmosphere at the point P. Tlie red rays, wliieli 
compose in part tlie solar beam, being the least refrangible, or tlie least 
deviated from their course, will reach the eye of a spectator at the point 
A ; wliile the yellow and blue raya, being refracted lo a greater degree, 
will reach tlie surface of the eartli at tlie intermediate points B and C. 
Tliey will, consequently, be quite invisible from the point A, 

OOO Whai ia mtaai bt/ being " Zen rtfro,ngQ)let" 

Being less ahle to he hent. Blue and yellow rays are 

more easily bent heUrw the horizon through the action 

of the atmpephei-e, but red rays are not bo much hent 

downy and tlierefore we Bee tliem later in the evening. 

eei WhaiUaiecaaKofaredamiKH 

The vapor of the air not being actually condensed 
into clouds, but only on iha^int of being condensed. 

In the same manner, if light be traJismitted througti steam mingled 
with air, and therefbre on the verge of condensation, it assumes a deep 
orange or red color. 

6S2 Why U a Ted and lovieriag sky at aairise an indiealkm of a met 
dayt 

The red and lowering appearance of the morning Bky, 
which indicates foul weather, probably depends upon 
Buch an excess of vapor being present in the whole 
atmosphere tliat clouds are actually forming in the 
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higJier regions^ or upon the point of condensation, which 
the rising sun cannot disperse. . 

Hence our Lord's observation — " In the morning ye say, It will be foul 
weather to-day, for the sky is red and lowering." (Matt. xvi. 3.) 

CC3 Which is the most transparent^ dry or moist air t 

Air moderately moist is more transparent than very 
dry air. 

664 What is (he cause of ihe haziness of the atmosphere during thai 
portion of ihe autumn known as ihe ^^ Indian Summer t " 

It is undoubtedly due to several causes ; partially to 
an exeessi/ve dryness of the atmosphere, and, in some 
degree, to the prevalence of smoke in the air arising 
from burning forests. But it is also a fact, ascertainea 
within a few years, that the constitution of the atmo- 
sphere is changed in the autumn, and that solar light 
at that season has less chemical influence than at any 
other portion of the year. 

666 Why does ihe sun seen through a fog appear redf 

Because the red rays of light have a greater power to 
pass through a thick^ dense atmosphere than any of the 
other colored rays. 

666 Why does vapor sometimes form into clouds^ and sometimes rest 
upon the ecaih as mist or fog t 

Tliis depends on the temperature of the air. When 
the surfa/^ of the earth is warmer than the lower air^ 
the vapor of the earth (being condensed by the chill 
air) becomes mAst or fog. But when the lower air is 
wa/rmer than the ea/rth^ the vapor rises through the air, 
and becomes cloud. 

667 Why do clouds often hover around mountain peaks, when the 
atmosphere elsewhere is clear and free from clouds f 

It is caused by the wind impelling up the sides of 
the mountains the warm hn/mid air of the vaUeySy 
which in its ascent gradually becomes condensed by 
the cold, and its excess of moisture becomes visible, 
and appears as a cloud. 

668 Why are windows at night often covered with thick mist, and the 
frames wet with standing water t 

Because the temperature of the external air always 
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falU at sunset, and chills the wlndow-gldsa with which 
it comes in contact. 

663 How does this account for the mist and water on a window f 

As the warm vapor of the room Umches the cold 
glass it is chilled and condensed into mist^ and the inist 
(collecting into drops) rolls down the window-frame in 
little streams of water. 

6GO Does the glass of a windoto cool dmon more rapidly than the air 
of the room itself f 

Yes ; because the air is kept warm hy fires and by 
the animal heai, of the. people in the room ; in conse- 

3uence of which the air of a room suffere very little 
iniinution of heat from the setting of the sun. 

661 Whence arises the vapor of a room t 

The air of the room always contains vapor ; vapor 
also arises from the breath and insensible perspiration of 
the inmates, from cooking and the evaporation of water. 

662 What is meant by " the insensible peroration ?" 

From eveiT part of the human body an insensible 
and invisible perspiration issues all night and day, not 
only in the hot weather of summer, but also in the 
coldest days of winter. 

663 If the perspiration be both insensible and invisible^ how is it known 
that there is any such perspiration f 

If you put your naked arm into a clean^ dry glass 
tube, the perspiration will condense on the glass like 
mist. 

664 Why is a tumbler of cold water made quite duU with mist, when 
brought into a warm room f 

Because the hot vapor of the room is condensed upon 
the cold tumbler, with which it comes in contact, and 
changes its invisible and gaseous form into that of dew. 

666 Why does breathing on a glass make it quite dull f 

Because the cold glass condenses the invisible vapor 
contained in warm breath, and converts it into dew. 

666 Why are the wdUs of a house covered with damp in a sudden 
ihawf 

Because Ihe walls (being thick) cannot change their 
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terrvperature as fast as the air ; in consequence of which 
they retain their cold after the thaw has set in. 

B&7 How does "retaining their cold" account for their being so wet'f 

As the vapor of the warm air touches the cold walls, 
it is chilled and condensed into water^ which either 
sticks to the walls or trickles down in little streams. 

568 Why is our breath visible in winter^ and not in summer f 

Because the intense cold condenses its moisture into 
visible vapoTy but in summfier the air is not cold enougli 
to do so. 

660 Why are our hair and the brim of our hat often covered with lit' 
He drops of pearly dew in winter-time f 

Because the vapor of the breath condenses as it comes 
in contact with our cold hair or hat, and hangs there 
in little dew-drops. 

SrO What are fogs f 

Fogs are visible vapors that float ia the atmosphere 
near the surface of the earth. 

671 What is (he cause of fogs f 

They originate in the same causes as rain — the union 
of a cool body of air with one that is warm and humid ; 
when the precipitation of moisture is slight, fogs are 
produced ; when it is copious, rains are the result. 

6713 What distinction is to be made between a mist and a fog t 

Mist is generally considered to be ajine rain, while 
Jbg is vapor not sufficiently condensed to allow of its 
precipitation in drops. 

Tlie tenn mist is also generally applied to vapors condensed on marshes^ 
riverSj and laJces, while the name fog is often applied to vapors condensed 
on land, especially if those vapors are laden with smoke. 

673 Why does not the fog become dew f 

Because the chill of the air is so rapid that vapor is 
condensed faster than it can be deposited^ and covering 
the earth m a fog) prevents any further radiation of 
Tieat from the eartn. 

674 When fhe earth can no longer radiate heat upwards, does it cor*- 
Unue to condense the vapor of the air f 

No; the air (in contact with the earth) becomes 
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When fogs ocoar. When vapor forms clouds and when fogs. 

about equal in temperature with the surface of the 
earth itself; for which reason the fog is not condensed 
into dew^ but remains fioating above the earth as a 
thick cloud. 

676 This fog aeems to rise higher and higher^ and yet remains quite as 
dense below as ai first : explain the cause of this t 

The air resting on the earth is first chilled, and chtUs 
the air resting on it / the air which touches this new 
layer of fog being aUo condensed, layer is added to 
layer ; and thus the fog seems to be rising^ when (in 
fact) it is only deepening. 

67S Why are there not fogs every night f 

Because the air will always hold in solution a cer- 
tain quantity of vapor (which varies according to its 
temperature) ; and, when the air is not saturated, it 
may be cooled without parting with its vapor. 

677 When do fogs occur ai night f 

When the air is saturated with vapor during the 
day. When this is the case, it deposits some of its 
superabundant moisture in the form of dew or fog as 
soon as its capacity for holding vapor is lessened by 
the cold night, 

678 Why is there very often a fog over marshes and rivers ai night- 
time f 

Because the air of marshes is almost always near 
saturation ; and therefore the least depression of temr 
perat/wre will compel it to relinquish some of its moi^^ 
ure in the form of dew or fog. 

673 Why does vapor soTnetimes form into cloudSy and sometimes rest 
upon the earth as mist or fog f 

This depends on the temperature of the air. When 
the surface of the earth is warmer than the air, the 
vapor of the earth (being condensed by the chill air) 
becomes mist or J^og. fiut, when the a4r is warmer 
tha/n the earth, the vapor rises through the, air, and be- 
comes cloud. 

680 If cold air produces fog^ why is it not foggy on a frosty momingf 

1. Because less vapor is formed on Vk frosty day; 
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end 2. The vapor is frozen upon the ground before it 
ran rise from the earth, and becomes hoar-froBt, 



What is rain f 

Kain is the vapor of the clouds or air condensed and 
precipitated to the earth. 

68d In whai manner ia the vapor of ihe air condensed so as to Jorm 
rain f 

When two or more volumes of humid air differinjg 
considerably in temperature unitey the several portions 
in union are incapable of absorbing the same amount 
of moisture that each could retain if they had not 
united. The excess of moisture, if very gi'cat, is pre- 
cipitated as rain ; if in slight amount, it appears as 
clouds, fogs, or mists. 

683 Upon wJiai law does (his condensation of vapor and formation of 
rain depend f 

Upon the law that the capdcity of the air for mmstr 
ure decreases in a greater ratio than the temperature. 

684: Why does rainfaU in drops f 

Because the vapory particles in their descent attract 
each other / and tnose which are sufficiently near unite 
and form into drops. 

The size of the rain-drop is increased according to the rapidity with 
which the vapors are condensed. 

686 Why does not (he cold ofnighi always cause rain f 

Because the air is not always near saturation ; and 
unless this be the case, it will be able to hold its vapor 
in solution, even after it is condensed by the chilly 
night. 

688 Why does a passing doud often drop rain f 

Because the cloud (travelling about on the wind) 
comes into contact with something that chills it; 
and its vapor being condensed, faUs to the ea/rth as 
rain, 

687 Can the air absorb moisture at all temperatures^ and retain it in 
an invisible state t 

It can ; and this power of the air is termed its 
eqpaoity of absorption. 
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004 Does snow ever occur of any other appearance than white t 

Ye% / in the Arctic regions and on some mountains 
it is red^ and occasionally green, 

S05 What is (he cause of these appearances t 

These singular hues are occasioned by little micro- 
scopic plants^ which germinate and live in the snow. 
They consist of little globules from yJ^j of an inch to 
3V00 ^^ ^^ inch. Each globule is divided into seven 
or eight cells filled with a liquid, which gives a color 
to the snow, and is sometimes green and sometimes red. 

eoe What is hail f 

Eain, which has passed in its descent through some 
cold hed of air^ and has been frozen into drops of ice. 

607 Whai makes one hed of air colder than another t 

It is frequently caused by electricity unegually dis- 
tributed in the air. 

608 How can electricity make air cold f 

Air, when electrijied^ is expanded^ and expansion 
produces cold. 

so© Why does hailfdU generally in sumTner and autumn f 

Because the air is more highly electrified in summer 
and autumn than in winter and spring ; and the vapors 
in summer and autumn (being rarefied) ascend to more 
elevated regions, which are colder than those nearer 
the earth. 

010 Is ike occurrence and formxiiion of hail clearly understood f 

It is not / much information exists upon the subject, 
but no theory has yet been formed which satisfactorily 
accounts for all the facts which have been observed. 

611 What are meteorites f 

Meteorites are solid^ luminous hodieSy which from 
time to time visit the earth, moving with immense 
velocity, and remaining visible but for a few moments. 
They are generally accompanied by a luminous train, 
and during their progress explosions are often heard. 

618 What is an aerolite f 

The term aerolite is given to tliose stony masses of 
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matter which are sometimes seen to "fall from the 
atmosphere. 

It is derived from the Greek words, aep (atmosphere), and Xifloj (a stone). 
A meteor is distinguished from an aerolite by the fact that it bursts in 
the atmosphere, but leaves no residuum except a vapor-like smoke; 
while the aerolitCi which is, supposed to be a fragment of a meteor, comes 
to the ground. 

613 What is ihe weigM of those aerolites which have been known to faU 
from the atmosphere f 

Their weights vary from afew ounces to several hun- 
dred pounds^ or even tons. 

614 Ai what height in the aimosphere are meteors supposed to 
appear t 

Their height above the earth has been estimated to 
vary from eighteen to eighty miles. 

BICS With what velocity do (hey move f 

The velocity of these bodies is somewhat more than 
three hundred miles per m,inute^ though one meteor of 
immense size, which is supposed to have passed within 
twenty-f/ve miles of the earth, moved at the rate of 
twelve hundred m/ilesper minute. 

616 What is the value of such estimaies f 

Owing to the short time the meteor is visible and itg 
great velocity, accurate observations cannot be made 
upon it ; ani all estimates respecting their distance, 
size, etc., must be considered as only approximatioTis 
to the truth. 

617 WJuU is ihe genarai appearance of aeroiUes f 

Most of them 'are covered with a Hack shining crust, 
as if the body had been coated with pitch. When 
broken their color is ash-grey, inclining to black. 

Very many of the meteorites which have fallen at different times and 
in different parts of the globe, resemble each other so closely, that they 
would seem to have been broken from the same piece or mass of matter. 

618 What is (heir composition f 

Great numbers of aerolites have been analysed, and 
found to contain nineteen or twenty different dementa/ry 
substcmces. But for the most part they consist oimiiUe- 
able iron a/nd nickel. 
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Meteoric iron. Origin of meteors. Shooting stan. 

613 Do (he aerolites resemble in composition any other bodies upon the 
surface of the earth f 

They do not : malleable iron is rarely if ever found 
in terrestrial substomces / and metallic nickel does not 
occur upon the surface of the earth naturally. 

6SO Whai is peculiar to the composition ofm,eteoric iron f 

It has a highly crystalline arrathgemerd^ so peculiar 
that it is especially distinguished by it. This arrange- 
ment of its particles enables us to decide upon tne 
meteoric origin of masses of iron which are occasionally 
found scattered up and down the surface of the earth. 

621 Where have such masses been found f 

In the south of Africa^ in Mexico^ Siberia^ and on 
the route overland to California. Some of these masses 
are of immense weight, and uhdoubtedly fell from the 
atmosphere. 

6SS How are meteorites supposed to originate f 

Fowr hypotheses have been advanced to account for 
the origin of these extraordinary bodies : 1. That they 
are thrown up from terresl/rial volcamx>es. • 2. That they 
are produced in the atmosphere from vapors and gases 
exhaled from the earth. 3. That they are thrown from 
Iwnar volca/noes. 4. That they are of the same naimre 
as the planets^ either derivea from them, or existing 
independently. 

623 Which of these hypotheses is regarded as most probable f 

Tlie fourth most fully explains the facts connected 
with the appearance of meteorites, and the third like- 
wise has some strong evidence in its favor. 

6J34 Jn what respect do shooting stars differ from meteors f 

Their altitude and velocitj'- are greater^ they are far 
more numerous and frequent^ and are vmAxccom/pam^ied 
by any soumd or explosion. Their brilliancy is also 
much i/rvferior to that of the meteor; and no portion of 
theirsubstance is ever known to have reached the eartL 

626 Whai do we know concerning their altitude f 

Owing to their great number and frequency of occur- 
rence, many careful observations have been made upon 
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them ; their altitude is supposed to vary from six to 
four hundred and sixty miles, the greatest number 
appearing at a height of about seventy miles. 

626 What is Iheir supposed velocity f 

It is supposed to range from siostj/ to fifteen hundred 
miles per minute. 

627 Are meteors and shooHng stars at aU times equdOy abundant f 

They are not / some may be seen every dear nighty 
but they appear to return at certain periodical epochs^ 
when tliey descend literally in showers. 

628 Whai are the periods when they may he noticed mostabundanUy t 

On the Qth and 10th of August^ and the 12th and 
IZth of Novemher. 

They have alao been noticed in unusual abundance on the 18th of Octo- 
ber, the 6th and 7th of December, the 2d of January, the 23d and 24th of 
April, and from the 18th to the 20th of June. • 

623 Do the slwoting stars appear to emanate from any particular pari 
of the heavens f 

The majority seem to start from a point in the con- 
stellation Perseus, and undoubtedly far beyond the 
limits of our atmosphere. 

630 What is the zodiacal light? 

It is a singtdar luminous appearance seen in the 
horizon before sunrise and after sunset, most conspicu- 
ously in the months of April and May. 

Observations made during the year 1855 seem to conclusively prove 
that the appearance known as the " zodiacal light " is occasioned by a 
ring of nebulous matter encircling and pertaining to the earth. 



CHAPTER VII. 

THE PUMP AND BAROMETER. 

G31. Why, when we suck up a liquid with a tube or straw, does (he 
}iqvid rise to the mouth f 

One end of the tube being placed between the lips, 
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the air is removed from the tube by the ordinary pro- 

ceea of inhaling, when the pressure of the atmosphere 

compels the liquid to fill the space deserted by the air. 

633 Through hota great a length of bibe amid we raise a liquid by 



About thirty-t'i 
638 Why can we not raae it above Ihirty-two fed t 
Because tlie aimospheric presswe will only support 
or balance a column of water or similar liquid ot that 
height. 

634 How M Oie cownum pump crnistrvckd t 
The common pump consists of a 
luMow tube, the Imo^ part of which, 
descending into the water, is called 
the suetionrpipe, and the upper part, b 
{Fig. 20), the barrel or cyUnder ; of a 
spaut, 8, at the top of tlie cylinder ; of 
an air-tight pistoji, which works np 
and down in the cylinder ; and of two 
valves, both opening upwards, one of 
which, g, is placed at the top of the 
suction-pipe, and the other, p, in the 
piston. 

63B Row does the common prnnp operate t 
When the piston is raised from the 
bottom of the cylinder, the air above 
it is drawn up, leaving a vacuum be- 
low the piston ; the water in tlie well 
then nisnes up through the valve, g, 
and fills the cylinder ; thepiston is then forced down, 
shutting the valve, g, and cansing the water to rise 
through the pifiton-valve,»/ thepiston is then raised, 
closing its valve, and raising the water above it, which 
flows out of the spout, a. 
636 What is a naive t 

A valve, in general, is a contrivance by which water 
or other fluid, flowing through a tube or aperture, is 
allowed free passage m one direction, but is stopped in 
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the other. Its structure is snch, that, while the 
pressure of fluid on one side has a tendency to close 
it, the pressure on tlie other side has a tendency to 
open it. 

I\gs. 31, 23, and 33 represent tha varioua forms of vnlvea used in 
pumps, wateT'^Dginos, etc^ 



68"? Hots caa makr be r<used by Ote eommon mrliim-pump 1 
As the action of this pump depends upon the pressure' 
of the atmosphere, water cannot be raised by it from a 
depth of more than 34 feet helow the wppep valve, and 
in practice a much shorter limit is usually assigned. 

ess A Unman of SevilU, in Sgain, ignorartt of Ihe prindples of scioKC, 
tatderlook to co/islrud a suciion-pump ta taiee widifr from a vietl sixty feet 
deep ; when the laachim v/aa finished, he was amfi/anded at disaniering 
Oioi U had no poieer to raise water at aH, and earaged at hit disappoint- 
merii, vihUe some one locu teorktHg the pump, he stntck the suction pipe wilk 
a hammer or axe so forcMy as to crack it, when, to his surprise and deHyht, 
Hie water almost immediaiely be^n tojtow, and he found he had attained 
his purpose. Bow is this result to be accounted fort 

The explanation is as follows : ihe air pressed in 
through the slit, or aperture of the sucfion'pwe, and 
becoming mixed with the water in its mcent, formed a 
compound fluid far lighter than water alone, and there- 
fore acted npon more readily by the atmospheric pres- 
sure ; and thus produced the phenomenon described, 

©30 How hi^h can water be raised in the suctiOTi^ump 6y resorting t* 
Hie expedient above described T 

Ahont fifty-five feet, instead of thirty to tliirty-fonr. 

640 7b whom is 9ie invention of the common pump attnbated f 

To Ctesihius, an Athenian engineer, who lived at 
Alexandria, in Egypt, abont the middle of the second 
century before the Christian era. 
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B41 When it i$ desired to raiee vmier otciK thiii^-foitr feel, as tn fire- 
fnginei, etc, /una ii ii accempHaliedt 

By means of ihafaroing-pump, 
64S In vihai manner ii the firrting-pump con- 
ttructedt 

In tlie forcing-pump atmoBpheric 
preasure plays but a email part. There 
18 no valVe in the piston c {jig. 24), 
but the water raisea through the suc- 
tion-pipe a, and the valve g, is forced 
by eacn depression of the piston up 
tlirough the pipeee, which isfurnishea 
with a valve to prevent the return of 
na.«. tiie fluid. 

e43 Whai ii a chai'n^mjit 
The chain-pnmp consists 
of a tube or cylinder, the 
lower part of which is iiii- 
mersed in a well or reser- 
voir, and the upper part 
enters the bottom ot a cistern 
into which the water is to 
be raised. A chain is carried 
round a wheel at the top, 
and is furnished at equal 
distances with movabU 
bottoms, which fit water- 
tight in the tube. As the 
wheel revolves, they succes- 
sively enter the tube, and 
carry the water up before 
lliem, which is discharged 
into the cistern at the top 
of the tube. 

F^g. 26 repreaeota the coDEtrncttoD 

and armngement of tlie cliain-pump. 

64:4: Under what circamaUuiea it 

rij, j(. the chain-pitmp jretiwotfy employed t 

When the height through which the water is to be 
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raised, is not very considerable, as in the case -where 
the foundations of docks, &c., are to be drained. 

S4B Wko first ascertained and demotutrated IKe naton fiir lAe aicetU 
</ uuier tn a lui« by miction, ontJ tn the common pttngi I 
TorricelU, a pupil of Galileo. 

643 Hoa aaa lie kd to hit concbcums t 
He argued, that whatever be the cause which sus- 
tained a column of water in a common pump, the jnea- 
eure of t?ie power tkua manifeaUd must he the weight 
qf the coluTnn of wetter ; and consequently, if anotner 
liquid be used, neavier or lighter, bulk for bulk, than 
water, then the same force must sustain a leaser or 
oreaier column of such liquid. By using a much 
neavier liquid, tne 
column sustained 
would necessarily be 
much shorter, and 
the expeiiment in 
every way more 
manageable. 

Torricelli veriHed his con- 
clusions in the following 
mBDner; — He seletled for 
his experiment mercury, 
the heaviest known liquid. 
As thia is 13^ times heavier 
than water, bullc for bulk, 
it followed that, if tlie force 
imputed to a vacuum could 
sustain 33 feet ct water, it 
would necessanlj sualuia 
13} times less, or about 30 
inches, of mercury. Torri- 
celli iherelbre made the fol- 
lowing experiment, which 
has since become mcmo- 
' rable in the hislory of 

He procured a glass tube 
jj^. 26) more tliao 30 
inehea long, open at ona 
end, and cluaDd at the 
other. Filling this tuba 
with mercury, and apply- 
^ his fiuger to the open Ha. M. 
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end, HI as to prevent ila eso^ie, he itivcrtf^ it, plunging tbe end into mer- 
cury contained in e, vessel. On removing the Hnger, lie observed that the 
mercury in the tube fell, but did not fall altogether into the cistern; it 
only subsided uDtil its Burtace was at a height of about 30 inches aixive 
the sur&ce of the mercury lu the cislern. The result nas what Torricelli 
expected, and he soon perceived the true cause of tlie phenomenon. The 
weight of the atmosphere acting upon the surface of the mercuty in Uie 
res^ mipports the liquid in the tube, thia last being protected from the 
pressure ot the atmosphere by the closed end of the tube. 

64:7 Bow teat Oie/ad thai Oie cobimnofmervi'rywasauatavKd by Ihe 
pressure of lAe atmosphere futOier verified I 

. By an experiment made by Paseal, in France. He 
argued, that if the cause which Bustained the column is 
the tube ^^as the weight of the atmoephere acting oa 
the external surface of the mercury in the eistem, then, 
if the tube was transported to the top of a high moun- 
tain, where a less quantity of atmosphere was above it, 
the pressure would oe less, and the length of the column 
lesB. This was tried and found to be the case. 

64S now did theae experirnxnia lead to Ou inventium of Ote bccrometer 1 
It was noticed that when the ap- 
paratus above described was kept 
in a fixed position, the height of the 
column fiuctuat^d from day to day 
within certain small limits. Tlie 
■ effect was of course to be attributed 
to the variation in the weight of tho 
incumbent atmosphere, arising from 
various meteorological causes. 

This led to the use of the tube and eistem 
of mercury, arranged in the manner before 
described (Fig. 28), for determining tho changes 
in the atmosphere, aud consequently the cha- 
racier of the weallier. 

648 E^Mn more fully in what manner 
Ihe barometer cart be used as a viea^ier-glaas T 

"When air is moist, or filled with 
vapor, it is lighter than usual, and 
the column ot mercury stands low; 
when air is dn/ and free from vapor, 
it is heamer than usual, and the mer- 
— '■ cury stands high. Thus the baro- 
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meter (bv showing tlie vaviatione in 

the weight of the air) indicates tlte 
changes of the weather alao. 

6SO Bauiia Oie crmtmoafamt of hart/meter, 
eaBed the viJieet-baroTnder, conaliitcled t 

The barometer consists of a ient 
tiibe, filled with mercury, as repre- 
sented in Fig. 27, the column be- 
ing BiiBtained by the pressure of the 
atmosphere upon the surface of tlie 
mercury in the shorter arm, the end 
of which is open. A small float of 
iron or glass rests upon the mercury 
in tlie shorter ai-m of the tube, and 
is suspended by a slender thread, 
which is passed I'ound a wheel car- 
rying an index. As the level of the 
mercury is altered, and the weight 
raised or lowered in the tube, tlie 
index movra; and as the divisions 
on the circumference of the circles 
within which it moves are much 
amplified, very slight changes are 
easHy read oft. 

Fig. 37 represenla Iho iiitcrnsl Btmeture of 
the wheel-barometur, aad Fig. 38 its exicrnal 
appearance, or caung, wilb a thermometer 
attached. 



The height of the mercury in the tube at any time 
giust depend partially upon the elevation of the jdaoe 
of observation ahove the level of the sea / and no correct 
judgment can be fonned relative to the density of the 
atmosphere as affecting the state of the weatlier, with- 
out reference to the situation of the instrument at the 
time of making the observation, Tlierefore, no atten- 
tion ought to be paid to the words, ^'■fair, rain, change- 
cMe^^ etc., frequently engraved on the plate of a baro- 
meter, as they will be found no certain indications of 
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the correspondence between the heights marked, and 
the state of the weather. 

66d WTiai is the difference between a thermometer and a hartmuier t 

In a thermometer the mercury is sealed up from, the 
air; and rises or falls as the vailing temperature of 
the air expands or contracts it ; but in a hai'om^ter the 
mercury is left exposed (or ojpen^ to the air ; and rises 
or falls as the varying -weight of the air presses upon 
the open column. 

G&3 Why is t?ie Utbe of a barometer left open? 

That the air may press upon it freely ; and, as this 
pressure varies, the mercury rises or falls in the tube. 

664 Why does the mercury in the baromekr rise ai the approach of 
fair weather f 

Because the air is becoming m.ore dry, and the drier 
the air, and tlie more free it is from vapor, the greater 
the pressure. 

666 Why does the mercury sink ai the approach of foul weaiher f 

Because the air is laden with vapor or disturbed by 
wind, 

666 Why does vapor in (he air cause the mercury to sink? 

Because air containing vapor is lighter than dry 
air / and its pressure on the mercury is therefore less. 

667 Why wiU there be no rain if the air be very dry f 

Because dry air will absorb moisture^ and not part 
with it in rain. 



CHAPTER VIII. 

PECULIABrriES OF CLIMATES. 
Whai do we mean by the term climate t 

By climate, we mean the condition of a place in 
relation to the various phenomena of the atmosphere, 
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Mean daily tempentnre. Tempentnre Taries with the altitade. 

as temperature, moisture, etc. Thus, we speak of a 
warm or cold climate, a moist or dry climate, etc. 

659 What is meant by the mean daily temperature t 

The mean or average temperature of the day is 
found by observing the thermometer at fixed intervals 
of time during the twenty-four hours, and then dwidr 
ing the sum of the teTnperatures by the number of 
chservations. 

660 How is the mean annual tempercUure of a particular point ascer* 
iained t 

By taking the average of all the m^an daily tempe^ 
ratures throughout the yea/r. 

661 How does temperature vary with the latitude f 

The average annual temperature of the atmosphere 
diminishes from the equator towards eitJier pole. 

668 Give examples of this variation f 

At the equator, in Brazil, the average annual tem- 

!)erature is 84° Fahrenheit's thermometer ; at Calcutta, 
at. 22** 35' N., the annual temperature is 78** F ; at 
Savannah, lat. 32° 5' N., the annual temperature is 
65° F. ; at London, lat. 51° 31' N., the annual tempe- 
rature is 50° F. ; at Melville Island, lat. 74° 47' N., the 
mean annual temperature is 1° below zero. 

663 How does the temperature vary wUh the aUitude above (he ea/rtKs 
surface t 

Temperature diminishes with the aUii/ude. As a 
general rule, a loss of heat occurs to the extent of one 
aegree F. for every 343 feet of elevation. 

664 How does (he gradual reduction of temperature as we ascend from 
Uhe surface of the earth affect the moisture of the air t 

In every latitude there is a point above the surface 
of the earth where moisture, once frozen, always re- 
mains congealed. 

666 Why are the tops of very high mcurdains always covered with 
srujwt 

Because, at the great elevation of their summit, the 
temperoMi^e of the atmosphere is so low that the con- 
gealed moistm*e which falls upon them never mdts. 
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666 WlicU is a glacier t 

The glacier oiily exists npon mountains whose sum- 
mits are covered with perpetual snow. The snow upon 
the higher parts becomes somewhat softened during 
the summer, and in the winter is again hardened nearly 
to ice. In the succeeding summer, the action of the 
sun, and the internal heat of the earth, detach large 
masses loaded with recently deposited snow into the 
neighboring valleys, where, bemg accumulated, and 
the crevices filled with snow or water which at last 
hardens to ice, they form huge seas of ice, or a glacier ; 
in French, mera-de-gluce. 

667 Do the gJaders continue to increase year by year t 

Very many of them do ; and in Switzerland many 
valleys, once fertile, are now JUled with glaciers. From 
the bottom of the glacier streams of water constantly 
issue, and it is from such sources that the rivers Hhine 
and Rhone of Europe take their rise, 

668 Haw are the gigantic icebergs formed which are found ftoaiing at 
some seasons in the Atlantic f 

They are portions of great glaciers formed in the 
northern regions, which become detached and float in 
the sea. 

669 Ebw high are icebergs sometimes seen f 

Sometimes exceeding SOO/eet in height. 

670 At whai eievaiion above the surface of the earthy at the equaior^ 
wiU water remain frozen f 

At an elevation of about 15,000 feet. 

671 At what elevation in the straits of Magellan wiU waier remain 
frozen f 

At about 4000/^^^. 

67^ What is the point where water rernains frozen called t 

The line oi perpetual snow. 

673 Why are not all places which lie under the same paraSd of laU- 
iude of the same temperaiure t 

Because various disturbing circumstances tend to vary 
the mean temperature. 
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674 What disturbing circumstances affect the temperature ofpartictdar 
Htuaiionst 

1. The elevation and fdrm of the land ; 

2. T!hQ proxiinity of the sea ; 

3. Mountains^ swamps^ and forests; 

4. The nature of the soil ; and 

5. The prevalence of cold or warm winds, 

076 What effect is produced on temperature by the configuration of 
lands? 

Islands and peninsulas are warmer than continents ; 
hays and inland seas also tend to raise the mean tern- 
perature. 

©7© What effect has (he sea on temperature t 

Li warm dimMes it tends to diminish the heat ; in 
cold climates to mitigate the cold. 

S77 What effect have mountains on temperature f 

Chains of mountains which ward off cold winds, aibg- 
ment the temperature / but mountains which ward off 
s&ulh and west winds, lower it. 

©78 Whai effect has soU on temperature ? 

A sandy soil, which is dry^ is warmer than a marshy 
soil, which is wet, and subject to great evaporation. 

©79 What is a natural soil? 

Natural soils are merely decomposed parts of the sub- 
jacent rocks, mixed with the decomposed portion of 
vegetable substances which have grown or feUen upon, 
it, with some animal substances. 

680 Whai is the ruime given to the vegetable and animal products 
mixed with the mineral ingredients of a soil t 

Humus. 

681 Whai benefiaai effect do hose stones and rocks have upon dry 
porous soUs t 

They retain moisture in the soil by preventing the 
evaporation which would otherwise take place. In 
high lands they serve to condense fogs and low clouds, 
and thus add to the moisture of the subjacent soil. 

688 What countries are the most cloudy f 

Those where the temperature and winds are most 
variable^ as Great Britain. 
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Where the most rain fUIs. How manj rainy dajB in the year. 

683 TF^io^ countries are the least cloudy f 

Those where the temperature and winds are least 
variable^ as Egypt. 

684 Why are mountainous countries Tnore rainy than flat ones? 

Because the air (striking against the sides of the 
mountains) is carried up the imAined plane, and brought 
in contact with the cold air of the higher regions ; in 
consequence of which its vapor is condensed and depo- 
sited in rain. 

686 Wlwn is the quantity of moisture in the air greatest^ anA Mohen 
leasts 

It is greatest in the summer irvorvths, and least in the 
winter, 

686 In whai part of the world does rain faU most abundantly t 

Near tlie eqv^tor ; and the quantity of rain decreased 
as we approach the^<?^. 

687 Hovj many inches of rain faJH yearly at the city of Vera Oruz^ 
Mexico f 

About two hundred and seventy-eiffht inches. 

688 Bow great a depth of rain, measured in indies, falls yearly in 
London? 

About twent/y-jwe inches 

689 Hma do you account for the great amount of rain falHng at Vera 
Oruzf 

Vera Cruz, situated within the tropics, is backed by 
lofty mountains, whose summits are covered with jper- 
petual S710W f against these the hot, humid air from 
the sea is driven by the. trade-winds, condensed, and its 
excess of moisture is precipitated as rain. 

6SO In whai latitudes do the greatest number of rainy days occur t 

There are more rainy days in the temperate zones 
than in the tropics, although the yearly quantity of 
rain falling in the latter districts is much greater than 
in the former. 

691 Ahoui how many rainy days are there in a year in the northern 
parts of the United Staies f 

About one hundred and thirty^our; in the South- 
ern States the number is somewhat less, being about 
one hundred and three. 
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6923 Why does it rain more frequently in the temperate zones than in 
the tropics t 

Because tlie temperate zone is a region of variable 
winds^ and the temperature of the atmosphere changes 
often ; while in the tropics the wind changes but rarely, 
and the temperature is very constant throughout a great 
part of the year. 

653 How is the amount of rain measured t 

By means of a rainrgaiye. 

654 Row is this constructed t 

The best form consists of a cylindrical metal vessel 
furnished with a float ; the rain falling into the vessel 
raises the floal^ the stem of which is so graduated that 
the increase in depth can be very accurately measured. 

696 Why does it rain mx/re upon the seorcoast than in the interior of 
a country f 

Because the air adjacent to the ocean contains more 
moisture than the air inland. 

696 WJiai is the avero/ge yearly faU of rain in (he tropics and tempo- 
ratezonesf 

The average yearly fall of rain in the tropics is nine- 
ty-five inches / m the temperate zone only thirty-jwe. 

The greatest rain-fall, however, is precipitated in the shortest time. 
Ninety-five inches fall in eighty days on the equator, while at St. Peters- 
burg the yearly rain-fall is but seventeen inches, spread over one hundred 
and sixty-nine days. Again, a tropical wet day is not continuously wet 
The morning is clear ; clouds form about ten o'clock ; the rain begins at 
twelve, and pours till about half-past four; by sunset the clouds are 
gone, and the nights are invariably fine. 

697 In the tropics, how are the seasons divided f 

Into the wet or rwmy^ and the dry season. 

. 698 Are there sorne countries entirely destitvie of rain t 

In some parts of Egypt it never rains ; in Peru it 
rains once^ perhaps, in a rrumCs lifetime. 

Upon the table-land of Mexico, in parts of Guatemala and California, 
for the same reason, rain is very rare. But the grandest rainless districts 
are those occupied by the great desert of Africa, extending eastward 
over portions of Arabia and Persia to a desert province of the Belooches — 
districts farther continued in the heart of Asia over the great desert of 
Gobi, the table-land of Thibet, and part of Mongolia. In all these aro 
live or six millions of square miles of land that never taste a shower. 
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6Se Why art these countries destitute of rain t 

Tlie cause of this scarcity is to be sought for in the 
peculiar oonformation of the country. 

In Peril, parallel to the coast, and at a short distance from the sea, is 
the lofty range of the Andes, the peaks of wliich are covered with per- 
petual snow and ice. The prevailing wind is an east wind, sweeping 
fix)m the Atlantic to the Pacific across the continent of South Araerica- 
As it approaches the west coast, it encounters this range of mountains, 
and becomes so cooled by tliem that it is forced to precipitate its moist- 
ure and passes on to the coast almost devoid of moisture. In Egypt and 
other desert countries, the dry sandy plains heat the atmosphere to such 
an extent that it absorbs moisture, and precipitates none. 

700 Are there some districts in which it may be said to always rain f 

In some portions of Guiana it rains for a great por- 
tion of the year. The fierce heat of the tropical sun 
fills the atmosphere with vajpo?*, which returns to the 
earth again in constant showers, as the cool winds of the 
ocean now in from the higher latitudes. 

701 How great a quantity of water is supposed to be annually precipi- 
tated as rainf 

Tlie amount is calculated to exceed seven hundred 
a/nd sixty millions of tons 

70J3 Was this whole amouni raised by evaporation into the atmospheref 

Certainly ; the daily amount of water raised by 
evaporation from the sea alone amounts to no less than 
one hundred and sixty four cubic 7mleSj or about sixty 
thotisand cubic miles annuaMy. 

703 WJiai is the daily amount of evaporation from the sea between the 
Cape of Good Hope and Calcutta t 

During the months of October and No^emher^ it is 
known to average three quarters of an'inch daily from 
the whole surface. 

704 Is (he climate of New England and the Northern United States 
drier than that of England and Central Europe t 

It is / and this fact exercises an imvorta/nt infiue^nce 
upon many professions and callings. Fainters find that 
their work dries quicker in New England than in Cen- 
tral Europe. Cabinet-makers here are obliged to use 
thicker glue, and watchmakers animal instead of vege- 
table oil. 
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" TOQ Why will not pianofortes rnade in England or Germany answer 
for use in New England t 

Because the difference in the climate of these respec- 
tive countries is so great, as respects moisture^ that 
the foreign instruments shrink, and quickly become 
damaged. 

706 In whai cUmates do haU-storms mqst frequently occur t 

In temperate climates most frequently, and rarely 
within the tropics. 

707 In wkai locaiiUes in the temperaie zones do hail-siorms occur most 
frequently f 

In the vicinity of high mxmrdains^ whose peaks are 
always covered with ice and snow. The south of France, 
which lies between the Alps and Pyrenees, is annually 
ravaged by hail ; and the damage which it causes 
yearly to vineyards and standing crops, is estimated at 
upwards of nine millions of dollars. 

708 Do the general meteorologicai changes which take place almost 
daily, and which are designated as weatfier cJiangeSj occur in accordance 
with certain fioced laws f 

There is no reason to doubt that every change in the 
weather is in strict accordance with some certain phy- 
siccd agenciesj which are fixed and certain in their 
operations. 

709 Why can we not, then, with certcUnty determine and foreteU the 
character of the weather for any particular time t 

Because the laws which govern meteorological 
changes are as yet imperfectly understood. 

710 Is there any reason for supposing {hat the moon has any influence 
upon the weather t 

An examination of meteorological records, kept in 
different countries through many years, proves conclu- 
sively that the popular notions concerning the influence 
of the lunar phases on the weather have no foundation 
in any well established theory^ and no correspondence 
with observed facts. 

711 Do meteorological records afford any sv2Jport to the heUef in fht 
wxurrence of rain at particular phases of the rrwon f 

There is some reason for supposing that rain falls. 
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more frequently about four days before full raoon^ and 
less frequently about four or five days before new 
moon, than at other parts of the month ; but this can- 
not be considered as an established fact: in other 
respects the changes of the moon cannot be shown to 
have influenced in any way the production of rain. 

713 J)ot8 Oie bright moordight in any way hasten the pttirefaction of 
animal or vegetable st^tances f 

It is generally supposed to do so; but the fact is, 
that on bright, clear nights, when the moon shines 
brilliantly, dew is more jreely deposited on these sub- 
stances than at other times, and in this way putrefac- 
tion may be accelerated. With this the moon has no 
connexion. 

713 la there any foundation for ike belief that the appearance of the 
aurora boreaiis isfoUowed by a change in the weather t 

Meteorological registers conclusively show that there 
is no such comieanony and that the appearance of the 
aurora is as often followed by fair weather as by foul. 

714 Is there any truth in the traditional notion thai a long and violeni 
storm usually accompanies the period of the equinoxes f 

The examination of weather-records for sixty-four 
years shows that no particular day can be pointed out 
m the month of September (when the "equinoctial 
storm" is said to occur) upon which there ever was, or 
ever will be, a so-called equinoctial storm. The fact, 
however, should not be concealed, that taking the ave- 
rage of the five days embracing the equinox for the 
period above stated, the amount of rain is greater than 
for any other five days, hy three per cent, tliroughout 
the month. 

715 Is th^e any reason for believing that cold and warm seasons altera 
natef 

Meteorological records, kept for eighty years at the 
observatory of Greenwich, England, seem to show that 
groups of warm years alternate with cold ovss in such 
a way as to render it most probable that the mean an- 
nual temperatures rise and fall in a series of curves, ' 
correspomiing to periods of about fourteen years. 
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73.Q Is it probable thai some animcUs and insects are able to foreieU 
changes in the weaiher before man can perceive any indications of the same t 

Of this fact there appears to be no doubt. Some 
varieties of the land-snail only make their appearance 
before a rmn. Some other varieties of land cnistaceous 
animals change their color and appearance twenty-four 
hours before a rain. 

TVy What curious fad lias been noticed in respect io the leaves of trtx^ 
indicating changes in the weather t 

For a light, short rain, some trees have been observed 
to incline th^ir lea/ves^ so as to retain water'; but for a 
long rain, they are so doubled as to conduct the water 
away. 

718 WluU fact has also been noticed respecting the clianges in springs 
previous to a rain t 

The water of springs has been observed to rise and 
flow out in greater y^mne prevums to a rain. 

Most, if not all, of the popular proverbs respecting changes in the wea- 
ther, the intiuence of tlie moon, of frosts, auroras, and the like, when 
tested by observation, will be found to be unsupported by facts, and 
unworthy of the slightest credence. 

710 Why will there be no rain if the air be very cold f 

Because it is so much condensed that it has ab*eady 
parted with as much moisture as it can spare. 

7i30 Have Jieat and cold any effect on the barometer? 

No, not of themselves ; but as cold weather is gene- 
rally either dry or roughs with northerly winds, the 
mercury generially rises in cold weather ; and as warm 
j^eather is often moist^ or accompanied by southerly 
winds, which bring vapor with them, therefore the mer- 
cury often si/nks in warm weather. 
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PAET IV. 

SOUND. 



CHAPTEE I. 



OBIGIK AND TRANSMISSION OF SOUND. 
"T'Sl Eaw is sound produced t 

Sound is heard when any sudden shock or impulse, 
ca/uMng mbrations, is given to the air, or any other 
body, which is in contact directly or indirectly with the 
drum of the ear. 

782 What is (he drum or tympanum of (he ear f 

A thin membrane which closes the aperture of the 
ear. 

7#33 How do (he vtbraiions of (he air^ striking upon the drum of the ear, 
give us the sensation of sound t 

Behind the drum of the ear are various camtdes and 
itihes in the bone which form the side of the head, in 
which the minute fibres of the auditory nerve are dis- 
tributed. When the drum of the ear is made to vibrate 
freely by the action of the sonorous undulations of the 
external air, the vibrations are communicated, by the 
action of minute bones, muscles, and fluids contained in 
the cavities of the ear, to the nerve, and from thence the 
impressipns are conveyed to the brain. 

Fig. 29 is a perspective magnified view of the interior of the ear. The 
several parts of the ear, and the progress of sound towards the nerve 
which communicates the sensation to the brain, may, however, be best 
iUustrated by reference to Fig. 30 : — 

1. There is external to the head a wide-mouthed tube, or ear-trumpet, 
€^ for catching and concentrating the waves of sound. It is movable in 
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many aniniala, so that they can direct it to the place from which ths 

2. Tlie sound concentrated at the boltora of the ear-tube fells upon a 
membrane stretched across the channel, like the parchment of an ordi- 
nary drum, over the space called the iy/npanum, or dram of Oie ear, i, 
and cauaes the membrane to vibrate. That ita motion may be free, 
tlie air contained within the drum has free communication with tlio 
external air by the open passage, /, called the etalacbian tube, leading to 
the back of the mouth. A degree of deafness ensues when Uiis tube is 
obstructed, as in a cold ; and a crack, or sudden noise, with immediate 
return of natural hearing, is generally experienced when, in the effort of 
eneezing or otherwise, the olntruction is removed. 

3. The vibrations of the membrane of tlie dram are conveyed fhrther 
inwards, through the cavity of the drum, by a chain of four bones (not 
here represented on account of their minuteness), reaching from the 
centre of the membrane to the oval door or window, leading into the 
Ubyrinth e. 

4. The labyrinth, or complex inner compartment of the ear, over which 
the nerve of hearing is spread as a lining, is full of watery Huid; and, 
Iherelbre, by the law of Huid pressure, when the force of the moving 
membrane of the drum, acting through the chain of bones, is made to 
compress the water, the pressure is felt instantly over the whole cavity. 
The labyrinth consists of tlie vealibuk, e, the three semidradar canais, c, 
imbedded in the hard bone, and a winding cavity, called the codika, d, 
like that of a snail-shell, in which fibres, stretched across like harp-strings, 
conatitnte the tyra. The separate uses of these various parts are not yet 
fully known. The membrane of the tympanum may be pierced, and the 
chain of bones may be broken, without entire loss of bearing. — ARNorr. 

784 JS air necessary to fte froducMon o/ sound T 

No ; bnt most eoundi owe their origin to the vibra- 
tions of the air. Sound can be produced under water, 
and all hodieg are, in fact, more or less fitted io produce 
the sound vibrations; in many cases air is neither tha 
i^Tiickest nor the best conductor of sound. 

7S6 Upon whiU does Oie loudnesa of sound conveyed by air depend t 
Upon the density of the air t 
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7SS Why does a beU rung in a receiver exhausted of air fail to produce 
sound? 

Because no air is present to receive and transmit the 
vibrations. 

7S7 What is a sounding or sonorous body t 

A body possessing both hardness and- elasticity, 
which, when struck, vibrates, and imparts to the air m 
contact with it undulations corresponding to its vibra- 
tions. 

788 Why has (he peculiar kind of motion in bodies which gives rise to 
(he sensation of sounds been termed vibration t 

Because a striking analogy may be traced between 
the tremulous agitation which takes place among the 
particles of a sounding body and the oscillations of a 
pendulum. 

7SO How may the nature of sonorous 
vibrations be iUustrated t 

By noticing the visible mo- 
tions which occur on striking 
or twitching a tightly extended 
cord or- wire. Suppose such a 
cord, represented by the cen- 
tral line in Fig, 31, to be 
forcibly drawn out to A, aud let go ; it would immedi- 
ately recover its original position by virtue of its elas- 
ticity ; but when it reached the central point, it would 
have acquired so much momentum as would cause it to 
pass onward to a; thence it would vibrate back in the 
same manner to B, and back again to 5, tlie extent of 
its vibration being gradually diminished by the resist- 
ance of the air, so that it would at length return to a 
state of rest. 

730 Why are copper and iron soncrous^ and not lead t 

Copper and iron are hard and elastic / but as lead 
is neither hard nor elastic, it is not sonorous, 

731 Of what is beU-metai made t 

Of copper and tin in the following proportions : — ^In 
every ffve pounds of bell-metal there should be one 
pound of tin and four pounds of copper. 
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733 Why is this mixture of tin and hopper used for beU-meidl f 

Because it is much harder and more elastic than any 
of the pure metals. 

*733 Are solids capable of transmitting sounds t 

All solid bodies which possess elasticity have the 
power of propagating or transmitting sounds. 

734 What easy expenmeid iUusirates the transmission of sound by 
ttHidsf 

When a stick is held between the teeth at one ex- 
tremity, and the other is placed in contact with a table, 
the scratch of a pin on the table may be heard with 
great distinctness, though both ears be stopped. 

73C Does the earth conduct sound f 

The earth often conducts soimd, so as to render it 
sensible to the ear, when the air fails to do so. It is 
well known that the approach of a troop of horse can 
be heard at a distance by putting the ear to the ground, 
and savages practise this method of ascertaining the 
approach of persons from a great distance. 

730 WhcU purpose is subserved by the body of a stringed instrument t 

The string of an instrument, when caused to vibrate, 
communicates the vibrations to the matter composing 
the body of the instrument and the surrounding air, 
and thus a tone or musical note is produced and ren- 
dered audible to the ear. 

737 How are aerial vibraiions or pulses communicated f 

The air, encompassing sounding bodies on every side, 
conveys the sensation of sound in all directions ; there- 
fore the aerial vibrations, or, as they have been termed, 
^'jmlses,^^ i;niist be communicated successively and ge- 
nerally throughout the whole space within the limits 
of which they are capable of affecting the e^. 

738 To what have the sound vibrations or pulsations been compared? 

To the waves spreading in concentric circles over 
the smooth surface of water. 

When a stone is thrown into water, the liquid waves are propagated 
not only directly forward from the centre, but if they encounter any ob- 
struction, as from a floating body, they will bend their course round the 
sides of the obstacle, and spread out obliquely beyond it. So the uiidu- 

a 
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lations of air, if interrupted in their progress by a high wall or other simi- 
Jar impediment, will be continued over its summit and propagated on the 
opposite side of it. 

739 WJien a sonorous body is siruckj do aU the particles of which it is 
composed reoMy move or vibrate f 

They do ; and the body itself, no matter how com- 
pact and solid it may be, really changes its form with 
each vibration. 

740 How may the sound vibrations in a solid body be rendered visible f 

By many simple contrivances — as by a ball hiing by 
a string to a bell, by pieces of paper placed on the 
strings of a violin, or by sand placed upon the sound- 
ing-board of a piano or any other stringed instrument. 

741 Mow fast does sound travel f 

About 13 miles in a minute, or 1142 feet in a second 
of time. 

74S Why is the flash of a gun fired at a distance seen Vmg before (he 
report is heard f 

Because light travels much faster than sound. 

Light would go 480 times round the whole earth while sound is going 
its 13 miles. 

743 Eow is a knowledge of (he velocity of sound rrutde applicable to the 
measurement of distances t 

Suppose a flash of lightning to be perceived, and on 
counting the seconds that elapse before the thunder is 
heard, we find them to amount to 3^ ; then as sound 
moves 1142 feet in a second, it will follow that the 
thunder-clotid must be distant 1142 X 3^ = 3997 feet. 

744 Why do windows raiUe when carts pass by a house t 

1. Because glass is sonorous y and the air communi- 
cates its vibrations to the glass, which echoes the same 
sound; and 

2. The wtndoW'/ra/me being shaken^ contributes to 
the noise. 

Window-frames are shaken, 1. By sound-waves striking against them. 
2. By a vibratory motion communicated to them by the walls of the 
house. 

74© Why is the sound of a beU stopped by touching the beU imth our 
finger f 

Because the weight of om* finger stops the vibratiotis 
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of the bell ; and as Boon as the hell ceases to vibrate, it 
ceases to make sound-waves in the air. 

74© Why does a split bell make a Tuxxrse^ disagreeable sound f 

Because the split of the bell causes a double vibration / 
and as the sound-waves clash and jar, they impede 
each other's motion, and produce discordant sounds. 

747 Why can persons, living a mile or two from tovm, hear (he beUs 
of the town churches som^iirruis and not at others? / 

Because fogs, rain, and snow obstruct the passage of 
sound; but when the air is cold and clear, sound is 
propagated more easily. 

748 Why can we not hear sounds (as {hose of distant church heUs) in 
rainy weather so weU as in fine weathei' t 

Because the falling rain interferes with the undula- 
tions of the sowndrwaves, and breaks them up. 

740 Why can we not hear sounds {as those of distant chwrch hells) in 
snowy weaiher so weU as in fine weaihert 

Because the falling snow interferes with the undula- 
tions of the sov/ndrwa/oes, and stops their progress. 

760 Why can we not hear sounds (such as those of distant clocks) so 
distinctly in a thick mist or haze as in a dear night f 

Because the air is not of uniform density when it is 
laden with mist; in consequence of whicn the sound 
waves are obstructed in their progress. 

761 Why do we hear sounds better by night than hy dayf 

1. Because night air is of more uniform density, and 
less liable to accidental currents ; ana 

2. Night is more stiU, from the suspension of business 
and hum of men. Manv sounds become perceptible 
during the night, which during the day are completely 
stifleo, before they reach the ear, by the din and dis* 
cordant noises of labor, business, and pleasure. 

762 Why is the air of mare uniform density hy night than it is by 
day? 

Because it is less liable to accidental currents ; inas- 
much as the breezes (created by the action of the sun's 
rays) generally cease auring the night. 

763 Eow should partiium wciUs be made^ to prevent (he voices in adjoins 
ing rooms from being heard f 
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The space between the laths should be filled with 
shavings or sawdust ; and then no sound would ever 
pass from one room to another. 

764 Why should shavings or sawdust prevent the transmission of sound 
from room to room f 

Because there would be several different media for 
the sound to pass through ; and every cnange of medium 
diminishes the strength of the sound-waves. 

7S6 What solids are among {he best conductors of sound f 

Iron and glass; sound is transmitted by them at the 
rate of 17,500 feet, or more than 3 miles in a second ; 
after these rank copper, several diflferent kinds of wood, 
silver, tin, &c. 



CHAPTEE II. 

VOCAL AND MUSICAL SOUNDS. 
760 Wliai is a musical sound f 

A musical sound is produced by regular imdulations 
or vibrations — a succession of sounds following each 
other with perfect uniformity. 

767 How does a noise differ from a musical sour.df 

A noise is the result of very irregular or disturbed 
undulations or vibrations. 

768 Do aU persons hear sounds alike f 

The faculty of ^ hearing depends upon the construc- 
tion and sensibility of the ear, and as this differs in dit- 
ferent individuals, it is certain that all persons will not 
hear sounds alike. 

76© WTiat is meant by the terms concord and discord f 

When two tones or notes sounded together produce 
an agreeable effect on the ear, their combination is 
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called a mvsical concord: when the effect is disagree- 
able, it is called a discord. 

700 What is the gamut or diatonic scale of music t 

It consists of seven notesj which are distinguished by 
the seven first letters of the alphabet, or by the seven 
syllables, do, re, mi, fa, sol, la, si. 

701 Why do flutes, etc, produce musical sounds f 

Because the breath of the performer causes the air 
in the fl/ate to vibrate / and this vibration sets in mo- 
tion the sound-waves of tlie air. 

703 Why does a fiddle-string give a musical sound f 

Because the bow drawn across the string catties it to 
vHxt^ate / and this vibration of the string sets in 7noti(m 
the sound-waves of the air, and produces musical notes. 

703 Why does a drum sound t 

Because the parchment head of the drum vibrates 
from the blow of the drum-stick, and sets in motion the 
sound-waves of the air. 

704 Why do pianofortes produce musicai sounds f 

Because each key of thejnano (being struck with the 
finger) lifts up a little hammer which knocks against a 
string y and the vibration thus produced sets in motion 
the sound-waves of the air. 

70c Why is an instrument flat when the strings are unstrung f 

Becaiise the vibrations are too slow y in consequence 
of which the sounds produced are not shrill or sharp 
enough. 

700 Why do birds aJUme, of animals, produce musical notes t 

Because they alone are gifted with a vocal organiza^ 
Uon, which enables them to produce musical notes. In 
other animals, the larynx is placed wholly at the 
upper end of the windpipe ; but in birds it is sepa- 
rated, as it were, into two parts, one placed at each 
extremity. 

707 Why cannot birds he so correctly said to sing as to whistle t 

Because natural singing is an exclusive privilege of 
man. 
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768 In the human system^ whcA care the porta concerned in the produc- 
tion of speech and music t 

They are the wmdpvpe^ the larynx^ and the glottis. 

7SO WhaJl is the windpipe t 

The windpipe is merely a cartilagmous canal through 
which the air issues from the lungs. 

•770 What is (he larynx f 

The larynx is an enlarged coTvtinuation of the wind- 
pipe^ formed, like it, of cartilage or gristle^ membrane^ 
and muscle : it is, however, more complicated, ter- 
minating aoove in two lateral membranes which 
approacn near together, leaving an oblong, narrow 
opening, called the glottis. 

TTl. How is sound produced by fie organs of voice t 

The air expired from the lungs, passes through the 
windpipe and out at the larynx, tlu*ough the opening 
of the membrane called the glottis. The vibration ol 
these membranes, caused by the^ passage of air, causes 
sound. 

775 How can the tones of (he voice be made grave or actUe t 

By varying the tension of these membranes and the 
size of the opening. 

773 WJuU is (he force exerted by (he heaUhy chest in Uowing t 

About one pound on the inch of- its surface / that 
is to say, the cnest can condense its contained air with 
that force, and can therefore blow thi-ough a 4:ube the 
mouth of which is ten feet under the surface of water. 

774 Whai is (he vocal action of coughing t 

In coughing the top of the windpipe or the glottis is 
closed for an instant, during which the chest is com- 
pressing and condensing its contained air ; and on the 
glottis being opened, a slight eaplosion, as it were, of 
me compressed air takes place, and blo^s out any irri- 
tating matter that may be in the air-passages. 

776 Why does a popgun make a loud report when the paper bullet is 
discharged from itf 

Because the air confined between the paper bullet 
and the discharging rod is suddenly liberated, and 
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strikes against the surrounding air ; this makes a report 
in the same way as when any two solids (such as your 
hand and the table) come into collision. 

776 Whai is sneezing f 

Sneezing is a phenomenon resembling cough ; only 
the chest empties itself at one effort, and chiefly 
through th^ nosCy instead of through the mouthy as in 
coughing. 

777 What is laugUngf 

Laughing consists of quicTdy repeated expidsions of 
air from the chest, the glottis being at the time in a 
condition to produce voice ; but there is not between 
the expirations, as in coughing, a complete closure of 
the glottis. 

778 What is hiccough t 

Hiccough is the stopping of the commencement of a 
strong inspiration, by a sudden closing of the glottis. 

770 Whai is crying t 

Crying differs from laughing almost solely in the 
circumstance of the intervals between the gusts or expi- 
rations of air from the lungs being longer. Children 
laugh and cry in tlie same breath. 

780 Why, in straining to lift weights, or to make any powerful bodily 
effort, do we compress our breath f 

We shut up the air in the lungs in order to give 
increased steadiness and firmness to the body. 

781 WTien is a person suffocated? 

When the windpipe becomes choked^ or the supply of 
air to the lungs is in any way cut off. 

78S Why do birds sing comparaiivdy louder than man t 

Because the strength of the larynx, and of the muscles 
of the throat, in birds, is infinitely greater than in the 
human race. The loudest shout of man is but a feeble 
cry compared with that of the golden-eyed duck, the 
wild goose, or even the woodlark. 

783 How are winged insects generaUy found to produce sound t 

Generally they excite sonorous vibrations by the 
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jhiUervng of their wings or other membranous parts of 
their structure. 

784b How do locwts produce sound t 

They are furnished with an airUadder^ or a species 
of hagpvpe^ placed under and rather behind their wings. 



CHAPTEE III. 

EEFLECnON OF SOUNDS. 

786 Whai is an echo t 

An echo is a reflection of sound. 

780 WiU'you eocplain Ihe manner in which an echo is produced f 

When a wave or undulation of water strikes against 
a smooth surface, it is reflected, or turned back, and 
waves moving in an opposite direction are produced. 
The same thing takes place with a sound-wave of air : we 
hear first the sound proceeding directly from the sono- 
rous body ; then, if the sound-wave strikes against a 
pixyper surface, at a suitable distance, it is turned back, 
and we hear a repetition of the sound. This repetition 
we call an echo. 

787 Are echoes often heard ai sea or on extensive plains f 

Very rarely; at sea or on an extensive plain there 
are no surfaces to reflect sound. It sometimes happens, 
however, that in these situations the clouds reflect sound. 

788 In what places do echoes rnost frequently occur f 

In caverns, large halls, valleys and mountainous 
passes, the windings of long passages, etc. 

78© Why are these places famous for echoes f 

Because the sound-waves cannot flow freely forward, 
but continually strike against opposing surfaces, and 
are turned bacK. 
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700 What heatUifid fiction existed among the ancients relaiive to the 
production of echo t 

They supposed that ^cho was a nvmph who dwelt 
concealed among the rocks, and who repeated the 
sounds she heard. 

'70± At wh(U distance must (he body reflecting the sounds be situated in 
order to produce an echof 

It is requisite that the reflecting body should be 
situated at such a distance from the source of sound, 
that the mterval between the perception of the original 
and reflected sounds may be sufficzent to j^event them 
from being blended together. 

7013 When the sounds become thus Uended together^ what is (he effect 
calledf 

A resonance, and not an echo. 

7©3 Why do not (he watts of a room of ordinary size produce an echo f 

Because the reflecting sit/rface is so near the source 
of sound that the echo is blended with the original 
sound f and the two produce but one irwpression on 
the ear. 

704 Why do very large buildings (as caihedraJs) often reverberate (he 
voice of the speaker t 

Because the walls are so far off from the speaker, 
that the echo does not get bach in time to blend with 
the original sound ; and therefore each is heard sepa- 
rately. 

70C Why do some echoes repeat only one syUahle f 

Because the echoing. body is very near. The farther 
the echoing body is off, the 7nore sound it will reflect : 
if, therefore, it be very near^ it will repeat but one syl- 
lable. 

7©Q Why does an echo sometimes repeat two or m^e syllables f 

Because the echoing body is far off'; and therefore 
there is time for one reflection to pass away before an- 
other reaches the ear. 

All the syllables must be uttered before the echo of the first syllable 
reaches the ear : ifj therefore, a person repeats 7 syllables in 2 seconds of 
time, and hears them aU echoed, the reflecting object is 1142 feet distant ; 
because sound travels 1142 feet in a second, and the words take one 
■econd to go to the reflecting object, and one second to return. 

6* 
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707 What must be the conditiona of the reflecting surface in order to 
produce a perfect echo f 

The surface must be smooth and of some regular 
form / for the wave of sound rebounds, according to 
the same law as a wave of water or an elastic ball,^?er- 
pendicularly to the smface if it fall perpendicularly, 
and if it fall Mwuely^ on one side, it departs with an 
eqiMl degree of obliquity on the other side. 

708 What must he the effed of an irreguUvr swrfaoe f 

An irremdar surface must break the echo/ and if 
the irregularity be very considerable, there can be no 
distinct or audible reflection at all. For this reason an 
echo is much less perfect from the front of a house 
which has windows and doors, than from the plane 
end, or any plane wall of the same magnitude. 

•70© Why have halls for music plane hare waiUs t 

Because the hard plane walls reflect the sound regu^ 
larly^ and increase the effect of the music. 

800 Why a/re halls for speaking^ theatreSj churches^ etCj generally 
ornamented on the wall, arid fu/rnished with pillars^ curtains^ etc 

Because the ornaments^ pillars^ curtains^ etc., form 
irregular surfaces^ which break up and destroy the 
echoes and resonances. 

801 Why is a thick curtain often placed hehind a pulpit or speaking^ 
desk? 

Because the material absorbs the sounds and by not 
reflecting it avoids the production of echoes and reso- 
nances. 

If the room is not very large, a curtain behind the speaker impedes 
rather than assists his voioe. 




Fijc. 33. 
808 Whal is a speaking trumpet t 

A speaking trumpet is a hollow tube, so constructed, 
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that the rays of sound (proceeding from the month 
when applied to it), instead of diverging, and being 
scattered throueh the sniTounding atmospliere, are 
reflected from tlie sides, and conducted forward in 
straight lines, thus giving great additional strength to 
the voice. Tlie course of the rays of sound proceeding 



from the mouth through this instrument, may be shown 
by J^igi. 33. The trumpet being directed to any point, 
a collection of parallel rays ot sound moves towards 
such point, and they reacn the ear in much greater 
number than would the diverging rays which would 
proceed from a speaker without such an instrument. 

S03 Wkal is an ear tnirapett 

An ear trumpet, Mg. 34, is in form and application 
the reverse of a speaking tninipet, but 
in principle the same. Tlie rays of ^ 
sound proceeding from a speaker, more 
or less distant, enter the hearing tnim- 
pet, and are reflected in such a manner 
as to concentrate the sound upon the 
opening of the ear. J^ig. 3i repre- nttt. 

senta the form of the ear tnimpet generally used by 
deaf persons. Tlie aperture A is placed within the ear, 
and the sound wliicn enters at B is, by a series of 
reflections from the interior of the instrument, concen- 
trated at A. 

so 1 Why do persons luAd Ihe hand concave hehiiid Ihe ear, m order lo 
fteor more distinctly t . 

Because the concave liand acts in some respects as 
an ear trwn^t, and rejlecta the sound into the ear. 
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SOS Why does sound seem louder in a chwch or hdU than on a plaint 

Because the sides of the building confine the sound- 
waves, and prevent their spreading ; in consequence of 
which their st/rengih is greatly increased. 

806 Bow can most of Ihe stories in respect to the so^aUed ^*7iaunted 
housea^^be explained t 

By reference to the principles which govern the 
reflection of sounds. Owing to a peculiar arrangement 
of reflecting walls and partitions, sounds produced by 
ordinary causes are often heard in certain localities at 
remote distances, in apparently the most unaccountable 
manner. Ignorant persons become alarmed^ and their 
imagination connects the phenomenon with some super* 
natoral cause. 
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PART V. 



HEAT. 



CHAPTER L 

NATURE AND ORIGIN OF HEAT. 

807 What is heat f 

In ordinary language the terra heat expresses the 
sensation of warmth which we experience when any 
portion of our body comes in contact with a substance 
which is warmer than itself? 

808 J)o we really Imow what heai ist 

We do not; we only know and study the eflfects 
which it produces on matter. 

800 lb whai cause have different phiUtsophers attribtded (he pJienomenon 
of heai f • 

Some have supposed the phenomenon of heat to be 
merely a species of motion among the minute particles 
of boaies generally, as sound is motion of another kind 
among the same particles ; others have supposed that 
heat arises from the presence of a peculiar Jl/uid or 
ethereal kind of matter, 

810 Is it generally believed ai the present time that heat is a fnateriai 
substance? 

It was believed formerly that heat was a kind of 
matter ; but now it is generally considered that heat 
has no material existence. 

811 WJuzt great fact is opposed to the idea thai heat has a separata 
materiai existence as a fluid f 

The fact that nature nowhere presents us, neither has 
art ever succeeded in showing us, heat alone in a sepa- 
rate state. 
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Bl-Q ffas heat any perceptible weight f 

No ; if we balance a quantity of ice in a delicate 
scale, and then leave it to melt, the equilibrium will 
not be in the slightest degree disturbed. If we substi- 
tute for the ice boiling water or a red-hot iron, and leave 
this to cool, there wiu be no difference in the result. 

813 Whai important property distinguishes heat from aU other agents 
or substances in nature f 

The property of passing ihrtmgh and existing in aU 
kinds (^matter at aU ti/mes; heat is everywhere presentj 
and every body that exists contains it without .known 
limit. 



Has ice heat f 

Yes, large quantities of it. Sir Humphrey Davy, by 
friction, extracted heat from two pieces of ice,, and 
quickly melted them, in a room cooled below the freez- 
ing point, by rubbing them against each other. 

816 JJaw do we m/easure (he quantity of heat in different bodies, or judge 
of its effects f 

Only by the change in hvXk or avpearamjce which 
different bodies assume, according asTieat is added or 
subtracted. 

sis Acccyrdiryg to whai law does heat diffuse or spread itself t 

Heat diffuses or spreads itself among neighboring 
bodies until all have acquired the same temperature / 
that is to say, until all will similarly affect the thermo- 
meter. 

817 Why does a piece of iron thrust into burning coals become hot 
a/mong themf 

Because the heat passes from the coals into the iron 
until the metal has acquired an equal temperature. 

818 Whatiscoldf 

Cold is a relative term expressing only the absence 
of heat in a degree / not its total absence, for heat 
exists always in all bodies. 

810 When the hand touc^ies a body having a higher temperature than 
itself why do we call it hot f 

Because on account of the law that heat diffuses 
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itself among neighboring bodies until all have acquired 
the same temperature, neat passes from the body of 
higher temperature to the liand, and causes a peculiar 
Bensation, which we call warmth. 

850 Under wJuU cvrcumsUmces do we ccUl a body cold f 

When we touch a body having a temperature lower 
them that of the hand^ heat, in accordance with the above 
law, passes out from the hand to the body touched, and 
occasions the sensation which we call ccM. 

851 What, {heUf reaMy are the sensaiions ofJieai and cold t 

Merely degrees of temperature^ contrasted by name 
in reference to. the peculiar temperature of the indivi- 
dual speaking of them. 

82d When is a body said to be incandescent or ignited t 

When the body naturally incapable of emitting light 
is heated to sufficient extent to become luminous. 

8S3 What is flame f 

Flame is ignited gas issuing from a burning body. 

83^4 What is fire f 

The appearance of Aeo^ and light in conjunction^ pro- 
duced by the combustion of inflammable substances. 

826 Wkai character was aUribtjUed to fire by (he ancient philosophers t 

They used the term fire as a characteristic of the 
matter of heat, and regarded it as 'one of the /our ele- 
ments of nai/nre, 

826 Emameraiie the general physical properties of heaJt. 

It is invisible^ without weighty with great tendency 
to diffuse itsdfy and is absorbed by all bodies. 

837 What are the principal effects of heat t 

Expansion^ liquefaction^ vaporization^ and ignition. 

838 What do we understand by (he term caloric t 

Caloric is a name often used to indicate the agent 
which produces the sensation of warmth; since the term 
" heat/' as generally used, refers only to the sensation. 

83S Is caloric equally distributed over the globe t 

No ; at the eqtuztor the average temperature is 82^^ 
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while at the poles it is believed to be about 13° below 
zero. 

" Averagt temperature^^ — that is, the mean or medium temperature. 
"Zero" — the point from whidi a thermometer is graduated; it is 32* 
below freezing, Fahrenheit's thermometer. 

33 O Mow many sowrces of heat are recognised to exist f 

Six. 

831 Whatareiheyf 

1. The svm: 2. The interior of the eoHh; 3. Electri- 
city,' 4. Vital action ^' 5, Mec/uinical action/ 6. Che- 
mical action. 



CHAPTEE IL 

THE SUN A SOURCE OF HEAT. 
833 What is (he great natwrat source of heat t 

The sun. 

833 Why do burning-glasses set fire to substances submitted to (heir 
power f 

•Because, when the rays of the sun 
pass through the buming-elass, they 
are bent towards one pointj called 
the " focus ;" in consequence of 

^ which the light and heat at this 

"yig"^ point are very greatly increased. 

Fig. 35 represents the manner in which a burning-glass concentrates 
or bends down the rays of heat until they meet in a focus. 

834 Do the rays of the sun ever set fire to natural substances vnthoui 
the assistance of a bu/rning-glass f 

. No / the rays of the sun, even in the torrid zone, are 
never hot enough to kindle natural substances, unless 
concentrated by a huming-glass. 

835 Does the heai of the sun possess any different properties from arti- 
ficiaiheatf 
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TJie heat of the sun passes readily through glass^ 
whereas this property is possessed by artificial heat in 
a very small degree. 

833 What is the generally received opinion at present^ in regard to (he 
acituil temperature of the visible surface of the sun f 

That the temperature of its luminous coating is much 
m^ore elevated ithan any artificial heat we are able to 
produce. 

837 Why is the heai of {he sun always greater in some portions of (he 
earth than ai others f 

Owing to the position of the eartKs axis, the rays of 
the sun always fall Tnore directly upon the central por- 
tion of the earth than they do at the poles or extremities. 

838 Upon what does the succession of spring^ summer^ auiumn^ and 
winier, and the variations of temper aiure of the seasons^ depend f 

Chiefly upon the position of the sun in relation to the 
earth. 

830 WTien do we experience the greatest amount of heat from the rays 
of the sun f ^ 

When its rays fall most perpendicularly. 

840 Why is the heai of the sun greatest at noon f 

Because for the day the sun has reached the highest 
point in the heavens, and its rays fall more perpevidicfUr 
larly than at any other time. 

841 Why is it warmer in summer than in winter f 

Because in summer the position of the sun is such 
that its rays fall more perpendicularly than at any other 
season. Tlie sun is longer above the horizon in summer 
than in winter, and consequently imparts the greatest 
amount of heat. 

843 Why is it colder in winter than in summer t 

Because in winter the position of the sun is such that 
its rays fall more obliqusly upon the earth than at any 
other season. Tlie sun is also for a less time above the 
horizon in winter than in summer, and consequently 
imparts less heat 

843 Upon what does the heating power of the sun depend in a great 
measure t 
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Upon its altitude or height above the horizon: the 
greater its altitude, the more perpendicularly will its 
rays fall upon the earth, and the greater their heating 
effect ; the less the altitude, the more obliquely will its 
rays fall, and the less their heating effect. 



W^-ai-x Why shotUd (he difference in (he inclination of (he surCa raysfaSr 
upon the earth occasion a difference in their heating effect f . 

Because the more the rays are inclined, the larger 
the space over which they fall. 

* Let us suppose A B C I), Fig. 3(5, 
J^ to represent a portion of the sun's 
rays ; and C D a portion of the 
earth's surface upon which the rays 
fall perpendicularly, and C F and 
C E portions of the surface upon 
which tliey fall obliquely. Now, 
it is obvious that the surfaces C F 
and E are ^eater than the 
surface C D ; and as the same amount of rays of light and lieat fall upon 
all the surfaces, it is clear that they will fall more densely upon the 
smaller surface {i.e. that it will be warmer there) and more diffusely 
over the inclined or oblique surfece (where it will be colder). 




What is (he greatest natural heat ever observed? 

On the west coast of Africa the thermometer (Fah- 
renheit) has been observed as high as 108° in the 
shade / Burckhardt, in Egypt^ and Humboldt, in South 
America^ observed it at 117° F. ; and, in 1819, at Bag- 
dad, the thermometer rose to 120° F. in the shade. 

846 What is (he lowest atmospheric temperature ever observed f 

From 60° to 70° below the zero of Fahrenheit's ther- 
mometer. This temperature has been observed by Dr. 
Kane and other Arctic navigators. 

S^T Whxxt is (he greatest artificial cold ever produced t 

220^ below zero^ which temperature was attained by 
Prof. Natterer. At this temperature, pure alcohol and 
ether did not freeze. 

848 What is the estimated temperature of the space above the earth^$ 
atmaspTiere t 

58° helow zero. 

At what temperature does m^cury freeze T 
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38°"6 below zero. 

860 At what tempetxUure does fresh water freeze t 

At 32° above zero, 

861 At what temperature does saU or sea water freesBS f 

At 28°*5 above zero. 

sea Why does it require a greater amount of cold to cause sea water t» 
wngeal, than it does fresh water f 

Because sea water contains salt and other substances 
which tend to prevent congelation. 

863 WTicU is the average temperature at (he equator t . 

In America^ 81°*5 ; in Africa^ 83°. 

864 What is UoodrheaJt^ or the vital temperature of the human body f 

98°. 

866 At what temperature does akohol hoUf 

Under the ordinary atmospheric pressure at 173°'5. 

866 At what temperature does water boil f 

Under the ordinary atmospheric pressure at 212°. 

867 At what temperature does lead melt f 

At 694°. 

868 At what heat does VMrcury hoUt 

At 661° under the common atmospheric pressure. 

660 At what temperature do brasSy copper^ silver^ and gold melt f 

Brass at 1869° ; copper, 1996° ; silverj 1873° ; gold, 
2016°. 

860 At what iemperaiure does cast-iron meli t 

At 2786°. 

861 What is the greatest degree of artificial heai which we have been 
enabled to measure f 

A furnace heat of 3280° : at this heat wrought iron 
and platinum did not melt 
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CHAPTER III. 

OTHEB SOUBCES OF HEAT BESIDES THE SUN. 

8SS Bow far hdow the surface of the earth does (he infltience of solof 
heat extend? 

The depth varies from 50 to 100 /eet; never, how- 
ever, exceeding the latter distance. 

863 ffow do we know thai the earth is a source ofTiecU f 

Because we find as we descend into the earth and 
pass beyond the limit of solar heat, that the temj>erar 
ture constantly mereases. 

804 At what rate does the temperature increase t 

About one degree of the thermometer for eoery fifty 
feet. 

866 Supposing the temperaiw^e to continue to increa>se accordin§ to this 
raiio, what would be its effects ai different deptfis f 

At the depth of two miles water would be converted 
into steam ; at four mUes^ tin would be melted ; at 
fi/ve mileSj lead; and at thirty milesj almost eveiy 
earthy substance would be reduced to a fluid state. 

866 7b what cause may earthquakes and volcanoes he attributed t 

. Undoubtedly to the agency of the internal heal of 
the earth. 

867 Whai effect has the internal heai of the earth on the temperaJtuirs 
of ihe surface f 

No sensible effect: it has been calculated that it 
aflects the temperature of tlie surface less than gV of a 
degree of the thermometer. . 

868 Why^ if so great an amount of heat exist in the interior of tht 
earthy does it not appear more mxinifest upon the surface f 

Because the materials of which the exterior strata or 
crust of the earth is composed, do not conduct it to tlie 
surface from the interior. 

860 In whai tnanner is electricity a source ofJieait 

When an electric current passes from one substancQ 
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to another, the substance which serves to conduct it is 
veiy frequently heated ; but in what maimer the heat 
is produced, we have no positive information. 

870 Saw great a degree of heai is electriciiy capable of generating f 

The greatest hnown heat with which we are acquaint- 
cd, is produced by the agency of the electric or gal- 
vanic current. All known substances can be meltea or 
volatilized by it. 

87^ Has the heat generated by electricity been employed for any praC' 
Heal or economical purposes f 

Not to any great extent : but for philosophical experi- 
ments and investigations it has been made quite useful. 

873 What is chemical O/ction t 

We apply the term chemical action to those opera* 
tiohs, whatever they may be, by which the weigkt^jormy 
solidity^ color^ taste, smell, and action of substances 
become changed ; so that new bodies with quite different 
properties are formed from the old. 

873 How does chemical action become a source of heat t 

Many bodies, when their original constitution is 
altered, either by the abstraction of some of their com- 
ponent parts, or by the addition of otlier substances not 
before in combination with them, evolve heat while the 
change is taking place. 

874 Explain by illustration what you mean. 

Water is cold, and sulphuric acid is cold ; but if these 
two cold liquids be mixed together, they will produce 
intense heat. 

87C Why does cold water poured on lime make it intensely hotf 

Because heat is evolved by the cliemical action which 
takes place when the cold water combines with the lime. 

Heat is always evolved when a fluid is converted into a solid form. 
Heat is always absorbed when a solid is changed into a liq%id state. As 
the water is changed from its liquid form when it is taken up by the lime^ 
therefore heat is given off. 

87© Where does (he heat come from f 

It was in the water and lime before, but was in a 
latent state. 
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877 Was there heai in the cold water and lime before they were mixed 
together f 

Yes. All bodies contain heat. 

878 Js there heai even in icet ' 

Yes ; but it is IcUent {i.e. not perceptible to onr 
senses). 

Latent^ from the Latin word kUeo (to lie hid). 
87S^ Does cold iron contain heat f 

Yes; everything contains heat; but when a thing 
J^eels cddj its heat is latent. 

880 What is meant by latenl heai t 

Heat not perceptihle to our feelings. When anything 
contains heat without Z^^i;?^ the hotter for it, that heat 
is called " latent heai. 

&81 Does cold iron contain latent heai t 

Yes ; and when a blacksmith compresses the particles 
of iron by his hammer, he brings out latent heat ; and 
this makes the iron red hot. 

888 Why is the air in the spring, when the ice amd snow are meUing^ 
always very cMtty and cold f 

Solid bodies, in passing to the liquid state, absorb heat 
in large quantities ; when ice and snow are thawing, 
they absorb heat from the air, in consequence of which 
its temperature is greatly reduced. 

883 Why does the weaiher always moderate on the fdU of snow f 

Bodies, in passing from the liquid to the solid state, 
give out heat : snow is frozen water, and in its forma- 
tion heat is imparted to the atmosphere, and its tem- 
perature increased. 

884 Why does the temperature ofmeUing ice and snow never exceed 
32°? 

Because all the heat imparted to melting ice and 
snow becomes insensible^ until the liquefaction is com- 
plete. 

886 Can we be made to fed the heat of ice or snow f 

Yes. Into a pint of snow put half as much salt / 
then plunge your hands into the liquid ; and it will feel 
so intensely cold that the snow itself will seem warm in 
comparison to it. 
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Yes, many degrees ; and by dipping your hand into 
the mixture J^stj and into snow afterwards^ the snow 
will seem to be comparatively warm. 

887 "^hy do salt and snow miaed together produce intense cold t 

The salt and snow are both solids ; when they are 
mixed, the salt causes the snow to melt by reason of its 
attraction for water j and the water formed dissolves 
the salt : so that both pass from the solid to the liquid 
condition, and a large quantity of heat is absorbed. 
As this heat is derived from that which previously ex- 
isted in the solids themselves in a sensible state, its 
abstraction occasions a reduction of temperature. 

888 Sow is heat produced by mechanicai action t 

1. By percussion ; 2. By friction ^ and 3. By con- 
densation. 



Whatis meant by percussion f 

The shock produced by the collision of two bodies ; 
as when a blacksmith strikes a piece of iron on his 
anvil with his hammer. 

850 Why does striking iron make it red hot f 

Because it condenses the particles of the metal, and 
makes the latent heat sensible. 

851 WfuU is meant by friction t 

The act of rubbing two things together^ as the Indians 
rub two pieces oiwood together to produce fire. 

80S How ds savages produce fire by merely nibbing two pieces of dry 
wood togeihert 

They take a piece of dry wood, sharpened to a point, 
which they rub quickly up and down b, flat piece till a 
groove is made ; and the ditst (collected in this groove) 
catches fire, 

8Q3 Why does the flust of the wood catch fire hy rubbing t 

Because latent heat is developed from the wood by 
friction. 

884 Do not carriage wheels sometimes ccUchfiret 

Yes ; when the wheels are dry^ or flt too tightly^ or 
revolve very rapidly. 
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J^. 31 represents an Indian e:icplainiiig the method of kindling a Qra 
by the friction of two pieces of wood. 

855 Wliy do wheeU cakh fire in imrh cases 1 

Becanse the friction of the wheels against the aider 
fove disturbs their leUent heat, and produces ignition. 

856 What is (he use of greasing cart wheels t 

Greaee lessens the frictimi ; and, because there is less 
friction, the latent heat of the wheels is less disturbed. 

897 Does a body ever cease io give oat heal iy fridi/m t 

2fo ; liowever long the operation may be continued. 

S9S What amchisions re^pcdiag the noftire of heal have philoscphera 
drawn from this fiicl t 

That heat cannot be a material substance, but merely 
a property of matter. 

see Why is it easier to produce hsal from the friaion of rough mr- 
faces ttan amooth ones t 

Because in the friction of rough snrfaces certain par- 
ticles are rvhbed off, which, being small, are readily con- 
demned, and made to evolve their latent caloric. 

©OO Why, luften yoa nib a smooth metoBic surface, as a buHon, for 
ezample, against apiece gf plank, does themetai become more heatedthanlht 

the cnlonc is forced out of the wood, as it 
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were, by the compression of its parts, and the button 
receives most of the caloric, owing to a stronger attrac- 
tion for it, than is possessed by the wood. 

901 Why does a friction match, drawn over sand paper or other rough 
substance, ignite f 

When the match is drawn over sand paper, or other 
rough substance, certain phosphoric particles are rub- 
bed off, and being cornpressed between the match and 
the paper, their heat is raised sufficiently high to ignite 
them, and fire the match. K the match be drawn over 
a smooth surface, the compression must he increased^ for 
the temperature of the whole phosphoric mass must be 
raised in order to cause ignition. 

S023 What singvlar property have most living animal bodies t 

The property of maintaining in themselves an equable 
tem,perature^ whether surrounded by bodies that are 
hotter or colder than they are themselves. 

S03 lUustrate this fact. 

The sailors of the Arctic exploring expedition during 
the polar winter, while breathing air that froze mer- 
cury, still had in them the natural warmth of 98° Fah- 
renneit above zero ; and the inhabitants of India, where 
the same thermometer sometimes stands 115° in the 
shade, have their blood at no higher temperature. 

0O4: Do vegetables possess 'in any degree this property of maintaining 
a constant temperature yrithin their structure f 

Growing or fresh vegetables have this property to a 
certain extent, 

eOS Whai, {hm, is vital heatf 

The heat generated or excited by the organs of a 
living structure. 

©OG WJuU is (he cause of vital or animal heal f 

The cause of animal heat is not certainly known or 
determined; it is supposed to be due to chemical 
actibfij the result of respiration and nervous excitation. 

OOT Has ike power of animals to preserve a peculiar temperature any 
hmitsf 

Yes/ intense cold suddenly coming ujpon a man 

1 
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who has not sufficient protection, first causes a sensation 
of pain, and then brings on an almost irresistible sleepi- 
ness, which if indulged in proves fatal. A great excess 
of heat also cannot long be sustained by the human 
system. 

00& Does each species of animcU appear to have a peculiar temperor 
turef 

Yes ; each species of animal and vegetable appears 
to have a temperature natural and peculiar to itself, 
and from this diversity different races are fitted for 
different portions of the earth's surface. 

QO0 What effect does the pecidia/riiy of temperature have upon the dis* 
trUmtion and location ofanimoLs a/nd plants upon the earth's surface? 

The different species are confined and circumscribed 
within certain districtSj depending mainly on their re- 
lations to heat. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes ; the pine-tree 
and the Arctic bear, to those which are colder. 

OlO What curious fact in relation to a species of whale iUustraies the 
influence of temperature in defining locations f ^ 

It has been ascertained that at least one species of 
whale is precluded from migrating from the north to 
the south, from its inability to live in the heated waters 
of the equator. 

Sll When animals or plants are rermved from their peculiar and 
natural districts to one entirely different^ what changes take plaice f 

Tliey either cease to eodst, or change their character 
in such a way as to adapt themselves to the climate. 

Q12 W?iat curious iUustraiions do we find of this f 

The wool of the northern sheep changes in the tropics 
to a species of hair. The dog of the torrid zone is 
nearly destitute of hair. JSeee transported from the 
north to the region of pei'petual summer cease to lay up 
stores of honey ^ and lose in a great measure their habits 
of industry. 

©13 ffow has nature provided for the protection of animals against th$ 
modifications of temperature f 

By covering their bodies with aJ^orTn offur^ or hair, 
or jeathers, in the exact degree required, and to such 
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an extent as to vary the covering in the same animal 
according to the climate and season. 

©14 What one species of organized beings is fitted to live in all climates f 

Man alone is capable of living in all climates, and of 
migrating freely to all portions of the earth. 



CHAPTEE IV. 

HOW HEAT IS COMMUNICATED. 

016 In what three ways may heed he communicated f 

By direct contact^ by condvotion and convection^ and 
by radiation, 

G16 How may heat he communicated by contact t 

When a hot body touches a cold one, the heat passes 
directly from one into the other, as when it enters a bar 
of iron put into the fire, or the hand immersed in hot 
water. 

017 When is heat communicaied by conduction t 

When the heat travels from particle to particle of 
the substance, as from the end of the iron bar placed 
in the -fire to that part of the bar most remote from the 
fire. 

QX8 When is heat communicated by radiation t 

When the heat leapSj as it were, from a hot to a cold 
body through an appreciable interval of space^ as when 
a body is warmed by placing it before a fire removed 
to a little distance from it. 

OIQ In what way does a heaied body cool itself f 

First^ by giving off heat from its surface, either by 
contact or radiation^ or hoth conjointly ; and, secondly ^ 
by the heat in its interior passing from particle to par- 
ticle by conduction through its substance to the suriace. 
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©SO /» «;Aa/ man7i6r does a cold body become Jieated t 

Firsts by heat passing into its surface either by con- 
tact or radiation^ or hjooth conjointly / and, secondly^ 
by the heat at its suri'ace passing from particle to par- 
ticle through its interior portions hy conduction. 

621 Does heai pass through aU bodies wiOi the same velocity f 

No / some substances oppose very little impediment 
to its passage, while through others it is transmitted 
slowly. 

025 Jrdo whaJL two dosses are bodies divided in respect to their conduC' 
tion of heal f 

Into conductors and 7wn-conductor% / the former are 
such as allow heat to pass freely through them ; the 
latter comprise those which do not give an easy pas- 
sage to it. 

Q23 Whjoi are the best coTiditciors of heat t 

Dense J solid bodies^ such as metals, glass, some varie- 
ties of stone, etc. 

024 What are the worst conductors of heai t 

All liffkt axidj)oroics bodies ^* such as hair, fur, wool, 
charcoal, and so on. 

Q26 Why do some things fed colder than others f 

Principally because they are better condtictors^ and 
draw off heat from our boay much faster. 

026 Why does a piece of wood blazing at one end not fed ?iot at the 
otiier t 

Because wood is so bad a condfictor that heat does 
not traverse freely through it ; hence, though one end 
of a stick be blazing, the other end may be quite cold. 

G27 Why does hot rrvetalfed mare iniensdy warm than hot wool? 

Because metal gives out a much greater qua/ntity of 
heat in the same space of time / and the inflvAC of heat 
is, consequently, more perceptible. 

Q88 Why does a poker ^ resting on a fender^ fed colder than the hearth- 
rug^ which isfa/rlher off from the fire t 

Because the poker is an excellent conductor^ and 
draws heat from the hand much mx/re rapidly than the 
woollen hearth rug, which is a very bad conductor : 
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though both, therefore, are equally warm^ the poker 
seems to be the colder, 

QSG Why does a stone or marble hearth feel to the feet colder than a car- 
pet or hearth-rug f 

Because stone and marhle are good conductors ; but 
woollen carpets and hearth-rugs are very bad conduc- 
tors. 

G30 Why does the sUme hearth make our feet cold f 

As soon as the hearthstone has absorbed a portion 
of heat from onr feet, it instantly disposes of it, and 
calls for R fresh supply ^' till the hearthstone has be- 
come of tlie sanie iemperatwre as the foot placed upon it 

Q3X Do not also the woollen carpet and hearth-rug conduct heat from 
the human body t 

Yes ; but being very had conductors, they convey 
the heat away so slowly that the loss is scarcely per- 
ceptible. 

©3S Is the cold hearthsUyne in reality of the same temperature as th4 
warm carpet t 

Yes ; everything in the room, except our bodies, is 
really of one temperahtre / but some things feel colder 
dian others, because they are better conductors. 

S33 Bow long wiU the hea/rthsUme feel cold to the feet resting onitt 

Till theyi^^ and the hearthstone are both of the same 
temperaiure y and then the sensation of cold in the 
hearthstone will go off. 

G34: Why would not the hearthstone fed cotd^ when it is'of the sam/l 
temperaiure as our feet f 

Because the heat would no longer rush out of ouf 
feet i/nio the hearthstone^ in order to produce equi' 
ubrium. 

Q36 Why are cooking vessels of ten furnished with wooden handles f 

Because wood is not a good conductor like metal; 
and therefore wooden handles prevent the heat of the 
vessel from rushing into our hands to bum them. 

G36 Why do persons use paper or wooUen hettle-holders f 

Because paper and woollen are both very bad coi\r 
ductors of heaty in consequence of which the heat of 
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the kettle does not readily pass through them to the 
hand. 

037 Does (he heat of the hoiUng kettle never get through the wooUen or 
paper keiHe-holder T 

Yes ; but though the kettle-holder became as hot as 
the kettle itself, it would never fed so hot. 

G38 Why would not the kettle-holder fed so hot as (he kettle^ when loth 
are of (he same temperature. 

Because it is a very had conductor, and disposes of 
its hedt too slowly to he perceptible ; but metal (being 
an excellent conductor) disposes of its heat so quickly^ 
that the sudden influx is painful. 

08G When we plunge our hands into a basin of water ^ why does it pro- 
duce a sensaiion of cold f 

Because water is a hetter conductor than air ; and, as 
it draws off the heat from our hands more rapidly^ it 
feds colder, 

G4:0 Why does the conducting power of water make it fed colder than 
air t 

Because it abstracts heat from ou/r hands so rapidly 
that yjefeel its loss ; but the air abstracts heat so very 
slowly that its gradual loss is hardly perceptihle. 

©41 Is water a good conductor of heat t 

No ; no liquid is a ^oo^* conductor of heat ; but yet 
water is a mu^h hetter conductor than air. 

Q4:8 Why is water a better condv>cior of heat than air t 

Because it is more dense ; and the conducting power 
of any substance depends upon its solidity^ or the close- 
ness of its particles, 

©43 H(m do you know (hat water is not a good conductor of heat t 

Because it may be made to hoil at its surface^ without 
imparting suflScient heat to msit ice a short distance 
hdow the surfa^. 

©44 Why are not liquors good conductors of heat t 

Because the heat (which should be transmitted) ^o- 
duces evaporation^ and Jlics off in the vapor, 

©46 If air is not a good conductor, how can we make use of it in 
warming our houses by means of stoves andfunmcesf 
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In the case of a stove or furnace, the air which is in 
contact with the lire or the heated surface, first becomes 
heated, expands, and rises ; cold air rushes in to supply 
its place, is heated, and ascends in like manner, and , 
this interchange goes on until all the air in the room is 
heated. 

0<4:6 If air he a had conductor of heal, why ahoM we not fed as warm 
without clothing as when we are wrapped in wool and fwrt 

Because the air (which is cooler than our body) ia 
never at rest: and every fresh particle of air draws off 
afresh portion of heat. 

047 How does the ceaseless change of air tend to decrease the warmth 
of thai part of the body devoid of clothing f 

Thus : the air (which cases the body) absorbs as 
much heat as it can while it remains in contact ; being 
then blown away, it makes room for a fresh ooat cf 
air^ which absorbs more heat. 

04:8 Does the air which encases a body devoid of clothing become (by 
contact) as warm as Vie body itself f 

It would do 80 if it remained motionless / but as it 
remains only a very short tims^ it absorbs as much heat 
as it can in the time, and passes on. 

04:G Why do we feel colder in windy weather than in a calm day t 

Because the particles ot air jpa^ss over us more rajndly^ 
and every fresa particle takes from us some portion of 
heat. 

S50 Why are foooUens and furs used for dothing in cold weather? 

Because they are very had conductors of heat ; and 
Hcaereiore prefoent the warmth of the hody from heing 
drawn off by the cold air. 

3S1 Do not wooUens and furs aetuaUy impart heat to the hody f 

No ; they merely prevent the heat of the hody from 
escaping. 

G6S Where wovld the heat escape to^ if the body were not wrapped in 
wool or fur f 

The heat of the body would fly off into the air ; for 
the cold air (coining in contact with our body) would 
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gradually draw away its heat^ till it was as cold as the 
air itself. 

063 What^ ihen, is ^principal use ofdolhing in winter-time f 

1. To prevent the animal heat from escaping too 
freely ; and 

2. To protect the body from the external air (or wind), 
which would carry away its heat too rapidly. 

G54 Why are wool, fur, hair, and feathers such slow condtidors of heat f 

Because a great qv^ntity of air lurks entangled 
between the fibres ; and air is a very had conductor of 
heat. 

The warmest clothing is that which fits the body rather loosely, because 
more hot air will be confined by a moderately hose garment than by ono 
which fits the body tighily, 

0&& How are whales,seals, and other warmrblooded' animals that live in 
the water protected against Uie cold f 

They are enveloped, J>eneaf^h the skin^ with a thick 
coating of " hlubher'^ or fat^ which, like fur, hair, and 
feathere, is a non-conductor of heat, and serves to pro- 
tect them in like manner. 

QSG Why are blankets and warm wooUen goods always made with a 
nap cr projection offUyres on the outside f 

Because the ncp or fibres retain air among them, 
which, from its non-conducting properties, serves to 
increase the warmth of the material. 

©S7 How does the covering of hair, wool, andfeaihers serve to keep ani- 
mals cool in hot weaiher, as well as warm in cool weaiherf 

In warm weather the nonrconducting medium will 
not allow the heat to erder the }yoAy from without : in 
cold weather the heat of the body cannot escape from 
within, 

G58 Why do we wrap up ice in flannel to keep it from melting t 

Because tlie flannel, being a non-conductor^ does not 
allow the lieat of the atmospnere to penetrate to the ice. 

0C9 In the construction of icehouses, why do we line the waMs and roof 
with straw or sawdust f 

Because these substances are bad conductors of heat. 

9GO Why is it good economy to furnish our houses in winter with dA/ukiU 
windows f 
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The air confined between the two surfaces of glass i& 
a non-conductor of heat, and equally opposes the escape 
of caloric fix)m within, or the penetration of cold air 
from without. 

061 Why does a linen garment feel colder than a cotton onef 

Because linen is a much better condicctor than cotton ; 
and therefore (as soon as it touches the body) it draws 
away the heat mare rapidly, and produces a greater 
sensation of cold. 

G62 Why 18 the face cooled by wiping (he temples with a fine cambric 
handkerchief? 

Because the fine fibres of the cambric have a strong 
capiUary attraction f^ar m^oisturej and are excellent con- 
ditctora of heat ; in consequence of which the moisture 
and heat are abstracted from the face by the cambric, 
and a sensation of coolness produced. 

Q63 Why would not a cotton handkerchief do as weUf 

Because the coarse fibres of cotton have less capillary 
attraction, and are very bad conductors f' in conse- 
quence of which the heat of the face would be increased 
(rather than diminished^ by the use of a cotton hand* 
kerchief. 

©Q4: Is the soil a good condtbdor of heat t 

No ; it is a very bad conductor of heat. 

GQG Why is the soil a bad conductor of heai t 

Because its particles are not continuous ; and the 
power of conducting heat depends upon the density of 
m^itter. 

G66 Why is the soU (below the surface) warmer in winter (kan (he sur* 
face itself f 

Because it is a bad conductor of heat ; and therefore 
(although the ground be frozen) the frost rarely pene* 
trates more than B,few inches below the surface. 

SQ7 Why is the soil (below the surface) cooler in summer than (he sur- 
face iiselft 

Because it is a bad conductor of heat ; . and therefore 
(although the sv/iface be scorched witli the burning sun) 

7* 
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the intense heat cannot penetrate to the roots of the 
plants and trees. 

G68 Show the wisdom of the Creator in making the soil a had con- 
dvcior. 

If the heai and cold could penetrate the soil deeply 
(as freely as the heat of a fire penetrates iron), the 
springs would- be dried up in summer and frozen in 
winter ; and all vegetation would perish. 

06O Why is waJtxr from a spring always cool, even in surrmver f 

Because tlie soil is so bad a conductcyr^ that tlie burn- 
ing rays of the sun can penetrate only a few inches below 
the surface ; in consequence of which the springs of 
waZer are not affected by the heat of summer. 

©*70 Horn does the non-conducting power of snow protect vegetables from 
the frost and cold t 

It prevents the heat of the soil from being drawn off 
by the cold air which rests upon it. 

071 Why is snow a non-condticior of heat t 

Principally because it contains a large quantity of 
air between its particles. 

G78 Why is it cool under a shady tree in a hot summer'' s day t 

1. Because the overhanging foliage screens off the 
rays of the sun / 

2. As the rays of the sun are warded off, the air 
(beneath the tree) is not heated by tlie reflection of the 
soil; and 

8. The leaves of the trees, being non-conductors^ 
also obstruct the transmission of heat. 

Q73 Why does a mstaX spoon {left in a kettle) retard the process of 
boiling f 

Because the metal spoon fbeing an excellent con- 
dt^tor) carries off the heat from the water^ and (as 
heat is carried off by the spoon) the water takes a 
longer time to boil. 

©74 Why does paint preserve wood f 

1. Because it covers the surface of the wood, and 
prevents both air and damp from penetrating into the 
pores ; 
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2. Because paint (especially white paint), being a 
had conductor^ preserves the wood of a more unifomi 
temperature ; and * 

3. Because it fills up the pores of the wood, and pre- 
vents insects and vermin from harboring therein and 
eating up the fibre. 

Q7S Why are famaces and stoves {wJiere much heat is required) Imik 
of porous bricks t 

Because bricks are had conductors^ and prevent the 
escape of heat / in consequence of which they are em- 
ployed where great heat is required. 

Q70 Why do cellars fed warm in winter t 

Because the external air has not free access into them ; 
in consequence of which they remain almost at an even 
temperature^ which (in winter-time) is about 10 degrees 
warmer than the external air. 

977 Why do cellars fed cold in fwm/mer f 

Because the external air has not free access into them ; 
in consequence of w^hich they remain almost at an even 
temperature^ which (in summer-time) is about 10 de- 
grees colder than the external air. 

©78 Why do the Laplanders wear skins with (he fur inwards f 

Because the dry shin prevents the wind from pene- 
trating to their body ; and the air (between the nairs 
of the fur) soon becomes heated hy the hody / in conse- 
quence of which the Laplander in his fur is clad in a 
case of hot air, impervious to the cold and wind. 

97© In what respect is bark especially adapted as a covering for trees 
and shrubs f 

Bark is composed of matter which is very slowly per- 
m£able hy heat, and, like hair and fur in animals, is es- 
pecially adapted for securing the temperature necessary 
to vegetable life. 

©so Whjfd is the temperature of the sap of heaJUhy trees during the 
summer f 

It is several degrees helow that of the surrounding at- 
mosphere. 

©8X Whai is ike temperaiure of the sap of a hedllhy tree in tJie winierf 
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Several degrees above that of the surrounding atmo* 
sphere. 

08i3 What occasions this difference between the temperature of the sap 
of a tree and the temperature of the swrrovmdmg cAirvosphere f 

The vital action of the tree. 

It is also a noticeable fact that sap drawn from a tree will freeze at th« 
same temperature as water, while the sap circulating in the tree, under 
the influence of vital agency, will not freeze until reduced seventeen degrees 
helow the freezing-point of water. 

083 Why in a frozen pond or lake is the ice always thinner^ and often 
entirely wanting, in th^e parts where springs exist upon the hotUyin f 

Because the spring water, coining from a point in 
the earth telow the influence of tlie frosts, is elevated 
in temperature, and by imparting its heat prevents an 
accumulation of ice upon the surface above. 

©84: Is there in reality any positive warmth in the materials of doihr 
ingf 

No ; but we consider clothing warm or cool accord- 
ing as it impedes orfa^litates the passage of heat to or 
from the surface of our bodies. The thick cloak which 
guards a Spaniard against the cold of winter is also in 
summer used by him as a protection against the direct 
rays of the sun ; and, while in temperate climates flan- 
nel is the warmest article of dress, we cannot at the 
same time preserve ice more effectually than by inclos- 
ing it in its softest folds. 

Q86 Does fine or coarse woollen cloth make the warmest chlhingf 

T!hQ^mer the cloth, the more slowly it conducts heat. 
Fine cloths, therefore, are warmer than coarse ones. 

©88 Is silk a good conductor of heal f 

No ; it is a bad conductor of heat. Spun silk allows 
the heat of the body to pass off more quickly than wool ; 
but raw silk confines it more than w^ool. 

©87 The sheets of a bed feel cold and the blankets warm : is there any 
difference in the respective temperature of these articles f 

No ; the temperature of both the sheets and the blan- 
kets is always exactly the same. 

~^©88 Why^ then, does one feel colder than the other f 

Sheets feel colder than the blankets because they are 
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ieUer conductors of heatj and carry off the heat more 
rapidly from the body ; but wlien by the continuance 
of the body between them they acquire the same tem- 
perature, they will then feel even warmer tlian the 
blankets. 



In (he summer a still, cairn atmjosphere feels warm^ hut if a wind 
arises^ the same atmosphere feds cold : has there &ecn any real cJiange oftemr 
peraiure f 

No ; for a thermometer suspended under shelter and 
in a calm place will indicate tlie sarne temperature as a 
thermometer on which the wind blows. 

G90 Whif do we then consider ihat the air has grown colder f 

Because the air in motion by the wind condv^ off 
the heat from om* bodies faster than the same air at 
rest 

GGl Whai is meani hy (he convection of heai f 

Heat communicated by being carried to another 
thing or place ; as the hot water resting on the bottom 
of a kettle carries heat to the water through which it 
ascends. 

©QS Are liquids good conductors tf heaif 

No; liquids are bad conductors ; and are therefore 
made hot by convection, 

003 Why are liquids bad conductors ofhtat f 

This peculiarity is referable to the mobility which 
subsists among the particles of all fluids^ and to the 
change in the size of the particles, which is invariably 
produced by their change m temperature. 

The constituent particles of solid bodies being incapable of changing 
their material position and arrangement, the heat can only pass through 
them, fh)m particle to particle, by a slow process ; but when the particles 
forming any stratum of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the colder stratum immediately above it, and 
ascends, allowing the superior strata to descend. 

Q04 Explain how water is made hot 

When the heat enters at the bottom of a vessel con- 
taining water, a double set of currents is immediately 
established, — one of hot particles rising towards the 



154 



SCIENCE OF COMMON THINGS. 



How liquids are made hot 



Why water is agitated when boiling. 




surface^ and the other of colder particles 
descending to the hottom. The portion of 
liquid which receives heat from below is 
thus continually mixed through the other 
parts, and the neat is diffused by the mo- 
tion of tlie particles among each other. 

These currents take place so rapidly, that if a thermo- 
meter be placed at the bottom and another at the top 
of a long jar, the fire being applied below, the upper one 
will begin to rise almost as soon as the lower one. The 
movement of the particles of water in boiling will be 
Fig. as. understood by reference to Fig. 38. 

9S6 Wkai common expervment proves that water is a had conducUn' of 
heaif 

When a blacksmith immerees his red-hot iron in a 
tank of water, the water which surrounds the iron is 
made hoiling hot^ while the water not immediately in 
contact with it remains quite cold. 

If a tube nearly filled with water is 
held over a spirit lamp, as in Fig. 39, in 
such a manner as to direct the fiame 
against the upper layers of the water, 
the water will be observed to boil at the 
top, but remain cool below. If quicksil- 
ver, on the contrary, be so treated, its 
lower layers will speedily become heated. 
The particles of mercury will communi- 
cate the heat to each other, but the particles of water will not do so. 

©©6 Why is water in such continticU ferment when it is boiling f 

This commotion is mainly produced by the ascend- 
ing and descending currents of hot and cold water. 

Tlio escape of steam from the water contributes also to increase this 
agitation. 

©©7 Ebw do these two currents pass each other t 

The hot ascending current rises up through the centre 
of the mass of water ; while the cold descending cur- 
rents pass down by the metal sides of the ketHe. 

©©8 Why is heat applied to the bottom^ and riot to the top of the ketUe f 

Because the heated water always ascends to the sur- 
face^ heattng the water through which it passes ; if, 
therefore, heat were applied to the tojp of a vessel, the 
water bdow the surface would be heated very slowly. 




Fig. 39. 
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QQG As the hwer part of a yraie is made red hot by the fire abovej why 
would not Hie water boil if fire were applied to the top of a kettle f 

The iron of a grate is an excellent conductor ; if, 
therefore, one part be heated, the heat is conducted to 
every other part ; but water is a very had conductor^ 
and will not diffuse heat in a similar way. 

lOOO Jf you wish to cool liquids, where skouM the cold be applied f 

To the tcfp of the liquid,' because the cold portions 
will always descend^ and allow the warmer part to come 
in contact with the cooling substance. 

lOOX Does boiling water get hotter by being kept on the fire t 

No ; not if the steam be suffered to escape. 

lOOS Why does not boiling water get hotter if the stearrh be suffered to 
escape t 

Because the water is converted into steafn as fast as 
it boils; and the steam carries away the additional 
heat. 

1003 What is ebuUitiont 

When a liquid substance is heated sufficiently to 
form steam, the production of vapor takes place princi- 
palljr at tliat part where the heat enters ; and when the 
neating takes place not from above, but from the bot- 
tom and sides, the steam as it is produced rises in bub- 
bles through the liquid, and produces the phenomenon 
of boiling or ebullition. 

1004: What do we mean by the boiling point of a liquid f 

The temperature at which vapor rises with sufficient 
freedom to cause the phenomenon oi ebullition is called 
the boiling point. 

lOOCS J)o cUl liquids boil at (he same temperature t 

No ; the boiling point occurs in different liquids at 
very different temperatures. 

lOOQ Why does miUc boU over more readily than water t 

Because the bubbles of milk, produced by the pro- 
cess of boilinff, are more tenacums than the bubbles of 
water ; and these bubbles, accumulating and climbing 
one above another, soon overtop the rim of the saucepan 
and run over. 

1007 Why does water simmer before it boHsf 
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Because the particles of water near the hottom of the 
kettle (being formed into steam sooner than the rest) 
shoot upwards, but are condensed again (as they rise) 
by the colder water, and produce what is called " sim- 
mering." 

1008 What is meant by simmering f 

A gentle tremor or imdulation on the surface of the 
water. When water simmersj the bubbles coUapse 
heneath the surface, and the steam is condensed to water 
again * but wnen water hoils, the bubbles rise to the 
surface, and the steam is thrown off. 

lOOQ Why does boUing waier sweU f 

Because it is eot^anded hy the heoA / that is, the heat 
of the fire drives the particles of water farther apart 
from each other, and (as they are not packed so closely 
together) they take up more room, in other words, the 
water swells. 

1010 Why does boiling water bvhbk f 

Because the vapor (rising through the water) is 
diffused, and forces up bubbles in its effort to escape^/ 

AH the air of water is expelled at the commencement of its boiling.^ 

1011 Why does a kettle sometime boil over t 

Because the water is expamded hy heat / if, therefore, 
a kettle is filled with cold water, some of it must run 
over as soon as it is eapanded hy heat. 

lOlS But I have seen a kettle boil over^ although it has not been fiQed 
fuU of water : how do you ojccountfor that f 

If a fire be very iter ce, the air and vapor are expelled 
so rapidly, that the huhhles are very numerous, and 
(towering one above another) reach the top of the kettle^ 
and fall over. 

1013 Why is a pot (which was JuU to overflowing while the water was 
boiling hot) notfuM after it has been taken off the fire for a short time f 

Because (while the water is hoiling) it is expanded 
by the heat, and fills the pot even to overflowing ; but 
when it becomes cool, it contracts again, and occupies a 
much less space. 

1014: When steam pours out from the spout of a kettle^ the stream 
begins apparently half an inch off ihe spoul : why does it not begin dose to 
the spouit 
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Steam is really invisible / and the half inch (between 
the spout and tne " stream of misf^) is the real stea/m^ 
before it has been condensed by air. 

1015 Why is not aU the steam invisible as weU as that half inch f 

Because the invisible particles are condensed by the 
cold air, and, rolling one into another, look like a thick 
mist. 

1O10 What becomes of the steam^ for it soon vanishes t 

After it has beem condensed into mist, it is dissolved 
by the air, and dispersed abroad as invisible vapor, 

1017 And what becoTtuiS of the invisible vapor 7 

Being lighter than air, it ascends to the upper regions 
of the atmosphere, where (being again condensed) it con- 
tributes to form clouds. 

1018 Why do sugar ^ sdUj <fcc., retard the progress of boiling f 

Because they increase the density of water ; and 
whatever increases the density of a fluid retards its 
boiling. 

1O10 Why can liquids impart no additional heat after they boil t 

Because all additional heat is spent in making steam. 
Hence water will not boil a vessel of water immersed in 
it, because it cannot impart to it 212° of heat; but 
brine will, because it can impart m^*e than 212° of heat 
before it is itself converted into steam. 



Ether . . boils at 100 degrees 
Alcohol . . " 173i " 
Water . . . '* 212 " 
Water, with one- fifth salt^ 
boils at 219 " 



Syrup . . boils at 221 degrees. 
OUofturpeutiiie 314 " 
Sulphuric acid 472 " 
Linseed oil " 640 " 
Mercury . . " 656 " 



Any liquid which boils at a lotoer degree, can be made to boil if im- 
mersed in a liquid which boils at a higher degree. Thus a cup of etlier 
can be made to boil in a vessel of water ; a cup of water, in a vessel of 
brine or syrup ; but a cup of water will not boil if immersed in ether, nor 
a cup of syrup in water. 

10230 Is the boiling point of the same liquid always constant} 

Yes, under the same conditions / but it is liable to be 

affected by various circumstances. 

*> 

1021 What cause has a powerful influence in regulating ihe boiling 
pmU of liquids f 

The pressure of the atmosphere : if the pressure be 
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less than usual, then the boiling point of water and all 
other liquids will be lower than usual ; if the pressure 
increases, and the barometer rises, the temperature of 
ebullition will be proportionably increased. 

loss If the atmospJieric pressure be entirely removed^ or if water be 
made to boil in a vacuum^ ai what temperature wiU ebuUitian cornmence t 

At a point 140** loioer than in the open air. 

10S3 To what temperaiure can water exposed to' the air be Jieaied under 
ordinary circumstances t 

To about 212° Fahrenheit ; at this temperature water 
passes into steam or vapor. 

102<^ Can water be heated beyond 212" ? 

Yes ; if subjected to sufficient pressure^ it can be heated 
to any extent without boiling. Tliere is no limit to the 
degree to wliich water may be heated, provided the 
vessel is strong enough to confine the vapor ; but the 
expansive force of steam is so enormous imder these 
circumstances, as to overcome the greatest resistance 
which has ever been exerted upon it. 

loss Why does soup keep hot longer than boiling water? 

Because the grease and other ingredients floating in 
the soup retain the heat longer than the particles of 
water, and, at the same time, by their viscidity or tena- 
city, prevent the circulation oi the heated particles. 

lose Bow is air heated f 

By '' convective currents^ 

1057 Explain what is meant by " convective currentsJ'^ 

When a portion of air is heated, it rises wpwards in 
a current^ carrying the heat with it ; other cdder air 
succeeds^ and (being heated in a similar way) ascends 
also : these are called " convective currents." 

" Convective currents,'''' so called from the I^tin words cumvectus (cairied 
with), because the heat is "canied with" the current. 

1058 Is air healed by the rays of the sun t 

No ; air is not lieated (to any very great extent) hy the 
auction cf the sun^s rays passing through it. 

lOSB Why^ then, is the air hotter on a sunny day than on a cloudy 
one? 
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Because the sun heats the surface of the earthy and 
the air (resting on the earth) is heated hy contact / as 
soon as it is heated it ascends^ while its place is sup- 
plied by colder portions, which are heated in tuni also. 

lOSO If air he a had coTiducioTj why does hot iron hecome cold hy expo- 
sure to the air f 

Because it is made cold — 1. By "convection;" and 
2. By " radiation." 

1031 Bow is hot iron made cold hy convection t 

The air resting on the hot iron (being intensely heated) 
rapidly ascends with the heat it has absorbed ; colder 
air succeeding, absorhs more heat and ascends also ; and 
this proces§ is repeated till the hot iron is cooled comr 
pletdy down. 

1035 How is hroth cooled hy heing left eocposed to the air t 

It throws off some heat by radiation / but it is mainly 
cooled down by convection, 

10S3 Eow is hot hroth cooled down hy convection t 

The air resting on the hot broth (being heated) a^ 
cends ; colder air succeeding absorbs more heat^ and 
ascends also / and this process is repeated till the broth 
is mxide cool. 

The particles on the surface of the broth sink as they are cooled down, 
and warmer particles rise to the surfisuje, which gradually assist the cool- 
ing process. 

1034 Why are hot tea and hroth cooled faster hy heing stirred about t 

1. Because the agitation assists in bringing its hottest 
particles to the surface / 

2. As the hotter particles are more rapidly brought 
into contact wath the air, therefore convection is more 
rapid. 

1.0SSS How does blowing hot food make it cool t 

It causes the air (which has been heated by the 
food) to chounge more rapidly^ and give place to fresh 
cold air. 

1036 Jf a shutier he closed in the daytime, the stream of light (piero* 
ing through the crevice) seems in constant agitaiion : why is this f 

Because little m^tes and particles of dust (thrown into 
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agitation by the violence of the convective cv/rrents) are 
made visible by the strong beam of light thrown into 
the room through the crevice of the shutter. 

^^^0.037 Why does milk hoU more quickly than water f 

Milk is a thicker liquid than water, and consequently 
le^ steam escapes through the thick liquid (milk) than 
throuffh the thm liquid (water) ; therefore the heat of 
the whole mass of the milk rises more quickly. 

103d Why are fires placed near (he floor of a room^ and not towards 
the ceiling t 

Because heated air always ascends. If, therefore, 
the fire were not near the Jloor, the air of the lower 
part of the room would be elevated in temperature very 
slowly. 

1O30 Would not the air of the Unoer part of a room he Jieated equaUy 
well if the fires were fixed higher up t 

No ; the heat of a fire has a very little effect upon 
the air below the level of the fire / and therefore every 
fire should be as r^ar to the floor possible. 

1040 Our feet are very freqv^nUy cold when we sit dose by a good fire : 
explain the reason of this t 

As the air over the fire becomes heated and rises, 
cold air rushes through" the crevices of the dooi-s and 
windows, and alonq the bottom of the roorn^ to supply 
the deficiency ; ana these currents of cold air rushing 
constantly over ourfeet^ deprive them of tlieir warmth. 

1041 What is meant hy radiation of heal f 

Tlie emission of rays of heat in aU directions. 

When the hand is pla<;ed near a hot body suspended in the air, a sen- 
sation of warmth is perceived, even for a considerable distance. If the 
hand be held beneath the body, the sensation will be as great as upon 
the sides, although the heat has to shoot down through an opposing cur- 
rent of air approaching it. This effect does not arise from the heat being 
conveyed by means of a hot current, since all the heated particles have a 
uniform tendency to rise; neither can it depend upon the conducting 
power of the air, because aerial substances possess that power in a very 
low degree, while the sensation in the present case is excited almost on 
the instant. This method of distributing heat, to distinguish it from heat 
passing by contact or conduction, is called radiation, 

1048 How do we designaie heat so distribtUedt 

As radiant or radiated heat. 
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1043 W?ien is heai radiated from one body to another t 

When the two bodies are %eparated by a non-conr- 
ducting medium. 

104k4k On what does radiation depeTtdf 

On the roughness of the radiating snrface : thus, if 
metal be scratched^ its radiating power is increased, 
because the heat has morejmrUs to esca^pefrom, 

104£S Does afire rcuiiaie heal t 

Yes ; and because huming fuel emits rays of Jveat^ 
ynQfeel warm when we stand before a fire. 

1046 Why does our face fed uncomfortaJbly hot when we approach a 
firef 

Because the fire radiates heat upon the face, which 
(not being covered) feels the effect immediately. 

1047 Why does the fire heai the face more than it does the rest of the 
body? 

Because the rest of the body is covered with clotii, 
ing ; which (being a bad conductor of heat) prevents 
tlie same sudden and rapid transmission of heat to the 
skin. 

1048 Do those substances which radiate heai absorb heat also t 

Yes. Those substances which radiate fnost also 
absorb most heat ; and those which radiate least also 
absorb the least heat. 

1040 Does any thing else radiate heai besides the sun and fire t 

Yes ; aU things radiate heat in some measure, but 
not equally well. 

10£S0 What things radiaie heai the next best to the sun and fire? 

All duU and dark substances are good radiators of 
heat ; but all light and jpolished substances are bad ra- 
diators. 

lOSl Whai is meant by being a " bad radiator of heat f * 

To radiate heat is to throw off heat by rays^ as the 
sun ; a polished tin pan does not throw o^ the heal of 
boUing water from its surface, but Jcee^s it in. 

10£S8 Why does snow {at the foot of a tree orwdO) Tneli sooner than in 
anopenfieMf 
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Utili^ of blackening stoves. Bright metal retains heat Dew 

Because the tree or wall radiates heat into the snow 
heneath^ which melts it. 

1053 Why should the flues {connected with stoves^ etc.) he always blach' 
ened with black lead t 

In order that the heat of the flue may be more readi- 
ly diffused throughout the room. Black lead radiates 
heat more freely than any other known substance. 

1054 Would a metal pot serve to keep water hot if it were dull and 
dirty t 

No ; it is the hright 2}olish of the metal which makes 
it a bad radiator ; it it were dtill^ scratched^ or dirty ^ 
the heat would escape very rapidly. 

Water in hot weather is also kept cooler in bright metal than in dvXL or 
earthen vessels. 

105£S Why are dinner-covers made of bright tin or silver t 

Because light-colored and highly-polished metal is a 
very bad radiator of heat ; and therefore bright tin or 
silver will not allow the heat of the cooked food to es- 
cajpe through the cover hy radiation. 



CHAPTER V. 

THE PHENOMENA OF DEW, 
lose What is Dew? 

Dew is the moisture of the air condensed by coming 
in contact with bodies colder than itself. 

1057 Why is the ground sometimes covered with dew t 

Because the surface of the earth (at sunset) is made 
so very cold by radiation, that the warm vapor of tlie 
air is chilled by contact, and condensed into dew. 

1058 Why is the earth made colder than the air after the sun has set f 

Because the earth radiates heat very freely, but the 
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air does not; in consequence of which the earth is 
often five or ten degrees colder than the air (after sun- 
set), although it may have been warmer than the air 
during the whole day. 

10&9 Why is the surface of (he earth generally warmer than the air 
during Oie day f 

Because the earth absorbs solar heat very freely, but 
the air does not ; in consequence of which it h often 
many degrees warmer than the air during the day. 

1060 Why is the surface of the ground colder in a fine night than in a 
ckmdy one 7 

Because on a fine, clear, starlight night, heat radiaies 
from the earth freely^ and is lost in open space ; but 
on a dtM night, the clouds arrest the process of radi- 
ation. 

1061 Why is dew deposited most readily on a fine, clear night t 

Because the surface of the ground radiates heat most 
freely on a fine night, and (being cooled down by tliis 
loss of heat) chills the vapor of the air into dew. 

1065 Why is there no dew on a duU, cloudy night t 

Because the clouds arrest the radiatiofi of heat from 
the earthy and (as the heat cannot freely escape) the 
surface is not sufficiently cooled down to chill the vapor 
of the air into dew. 

1063 Why is a cloudy nigJU warmer than a fine, clear night f 

Because the clouds ^^i;^n^ the radiation of heat from 
the earth / in consequence of which the surface of the 
earth remains warmer. 

1004 How do clouds arrest or prevent Uie radiation of heai from ihe 
earth f 

The lower surfaces of the clouds turn baxik the rays 
of heat as they radiate or pass off from the earth, and 
prevent their dispersion into space. 

1005 WhaJt is ihe difference between dew and rainf 

In deWy the condensation is made near the eariKs 
sfmfa^e. In rain^ the drops fall from a considerable 
height. 

1066 Whai is ihe cause of both dew and rain f 
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Cold condensing the vapor of the air when near the 
point of saturdtimi, 

10Q7 Why do mist and fog vanish at sunrise t 

Because the condensed particles are again changed 
into invisible vapor by the neat of the sun. 

X068 Why is dew moat abundant in situations most exposed f 

Because the radiation of heat is not arrested by 
houses, trees, hedges, or any other thing. 

1060 Why is there scarcely any dew under a leafy tree f 

1. Because the thick foliage of a tree arrests the radi- 
ation of hea;t from the earth / and 

2. A leafv tree radiates some of its own heat towards 
the earth / m consequence of which the ground under- 
neath a tree is not sufficiently cooled down to chill the 
vapor of the air into dew. 

1070 Why is there never much dew at Vie foot oftoaUs and hedges? 

1. Because they act as screens to arrest the radiation 
of heat from the earth ; and 

2. They themselves radiate some portion of heat 
towards tlie earth ; in consequence of which the ground 
at the foot of walls and hedges is not sufficiently cooled 
down to chill the vapor of the air into dew. 

1071 Why is there no dew on a windy night t 

1. Because the wind evaporates the moisture as fast 
as it is deposited ; and 

2. It disturbs the radiation of heat^ and thus dimi- 
nishes the deposition of dew. 

107S Wfiy are valleys and hollows often thickly covered with deWj 
although they are sheltered t 

Because the suiTounding hills prevent the agitation 
of the air, but do not overhang and screen the valleys 
sufficiently to arrest the radiation from their surfaces. 

1073 Wliy does dew faUd more aJtmndanUy on some substances than on 
others f 

Because some substances radiate heat more freely 
than others, and therefore become mv^h cooler in the 
night. 
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Plaats requiring the most moisture condense the most dew. 

1074 Why are substances which radiate the Jieai most fredy aXways 
the most thickly covered with dew T 

Because they are the coldest substances, and there- 
fore condense vapor most readily. 

1075 What kind of materials radiate heat most freely t 

Grass, wood, and the leaves of plants radiate heat 
very f7*eely : but polished metal, smooth stones, and 
woollen clotli part with their heat very tardily. 

107s Do the leaves of all plants radiate heat equaXLy weUt 

No. Hough, woolly leaves (like those of a hollyhock) 
radiate heat much more freely than hard, smooth po- 
lished leaves, like those oi the common laurel. 

1077 Show the wisdom of (he Creaior in making grasSj iJie leaves of 
treeSj and all vegetables^ excellent radiators ofheaif 

As vegetables require iniich moisture, and would 
often perish without a plentiful deposit of dew, the 
Creator wisely made them to radiate heat freely, so as 
to chiU the vapor (which touches them) into dew, 

107s WiU polished metaiy smooth stones^ and woollen chVi readily col- 
lect dew t 

No. While grass and leaves of plants are completely 
drenched with dew, a piece of polished metaf or of 
woollen cloth (lying on the same spot) will be almot4 
dry. 

1079 Why would polished metal and woollen cloili he dry, tnhile gi'OAS 
and leaves are drenched with dew f 

Because the polished metal and woollen cloth part 
with their heat so slowly, that the vapor of the air is 
not chitted into dew as it passes over them, 

1080 Why is a gravel walk almost dry when a grass-plai is covered 
thick with dew t 

Because grass is a good radiator, and throws off its 
heat yerj freely / but gravel is a ver'y bad radiator, 
and parts with its heat very slowly. 

1081 Is thai the reason why grass is saturated with dew, and Vie gra- 
vet is not t 

Yes. "When the vapor of warm air comes in contact 
with the cold grass, it is instantly chilled into dew ; but 

^ 8 
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Dew on rocky and on fertile so{l& Dew most abundant after a hot day. 

it is not so freely condensed as it passes over gravel, 
because gravel is not so cold as the grass. 

1.082 Why does dew rarely faU upon hard rocks and barren lands f 

Because rocks and barren lands are so compact and 
hard^ that they can neither absorhj nor radiate much 
heat / and (as their tem,perature varies hut very little) 
very little dew deposits upon them. 

10S3 Why does deio faU more abundantly on cuUivaied soils than on 
barren lands f 

Because cultivated soils (being loose and porous) 
very freely radiate by night the heat which they ab- 
sorb by day ; in consequence of which they are m^uch 
cooled down, and plentifully condense the vapor of the 
passing air into dew, 

1084 Show the wisdom of (he Creator in this arrangement? 

Every plant and inch of land which needs the moist- 
ure of dew is adapted to collect it; but not a single 
drop is wasted where its refreshing moisture is not 
required. 

loss When is dew most copiously distilled t 

After a hot day in summer or autumn, especially if 
the wind blows over a body of water. 

108© Why is dew distilled most copiously after a hot day? 

Because the sttrface of the hot earth radiates heat 
very freely at sunset, and (being made much colder 
than the o^V) chills the passing vapor and condenses it 
into dew. 

1087 Why is (here less dew when tJie wind blotos across the land^ than 
when it blows over a body ofwaier t 

Befcause the winds which blow across the land are 
dry and arid ; but those which cross the water are 
moist and full of vapor. 

1088 Eiow does the dryness of the wind prevent dew-faUst 

As winds (currents of air) which blow over the land 
are very dry, they imbibe the moisture of the air ; in 
consequence of wnich there is very Utile left to be con- 
densed into dew, 

, 1089 Why is meat very sulked to taint on a moonUght night? 
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Because it radiates heat very freely in a bright moon- 
light night ; in consequence of whicn it is soon covered 
with dew^ which produces rapid decom/position. 

lOOO How do moonligJU nights conduce to the rapid growth of plants t 

Radiation is carried on very rapidly on bright moon- 
light nights ; in consequence ot which dew is very 
plentifully deposited on young plants, wliich conduces 
much to their growth and vigor. 

1091 Why is tlie air in immediate contact with the earthy on a clear 
vigJUj cooler than the air ai a little distance from the surface t 

Because it parts with its heat to tlie earth, which in 
turn loses it by radiation. 

109J3 How can a thin covering of bass^ or even muslin^ protect trees 
from frost? 

Because any covering prevents the radiation of heat 
from the tree ; and if trees are not cooled down by radi- 
ation, the vapor of the air will not he frozen as it comes 
in contact with them. 

Bass — ^a kind of matting used by gardeners. 

1093 Why is the bass or canvas itself {which covers the tree) always 
drenched with dew f 

Because it radiates heat both upwards and down- 
wards/ in consequence of which it is so cooled down 
that it readily chills the vapor of the air into dew. 

1O04 W?iai is the cause of mist or earth-fog t 

If the nigJU has been very calrn^ the radiation of heat 
from tlie earth has been very abundant ; in consequence 
of wliich the air (resting on the earth) has been chiMed^ 
and its vapor condensed into a thick mist. 

1096 Why does not the mist "become dew f 

Because the chill of the air is so rajpid^ that vapor is 
condensedyjaw^ than it can be deposited and (covering 
the earth as a mist) prevents any farther radiaUon of 
heat from the earth. 

1096 When (he earth can no longer radiate heat upwards^ does it con- 
tinue to condense the vapor of the air t 

No ; the air (in contact with the earth) becomes about 
equal in temperature with the surface of the earth itself; 
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Mist and dew vanish at smnrise. No dew in citiea 

for which reason the mist is not condensed into dew^ biit 
remains ^a/m^ above tlie earth as^a thick cloud. 

1097 This mist seems to rise higher and higher^ and yd remains quite 
as dense below as ai first: explain (he cause of this, 

Tlie air resting on the earth is flret chilled, and chUla 
tlie air resting on it / the air which touches this new 
layer of mist being also condensed, lajrer is added to 
layer ; and thus the mist seem& to be risinffj when (in 
fact) it is only deepening. 

1098 Why do mist and dew vanish as the sun rises t 

Because the air becomes warmer at sunrise, and oJ- 
sorbs the vapor. 

1099 Can the dew properly be said to "faUf' 

Now ; dew is B\wQ.y&Jhmied upon the siurface of the 
material upon which it is found, and does not fall from 
the atmospliere. 

1100 ^)oes the color of an object influence (he deposition of dew t 

It does to a considerable extent. 

IXOl How can this be shavm t 

If we take pieces of red, black, green, and yellow 
fflass, and expose them when the dew is condensing, we 
shall find that moisture will show itself Jlrst on the 
yellow and then on the green glass^ but that none will 
appear on the red or black glass. The same thing will 
take place if we expose colored fluids iu white glasa 
bottles. 

1108 Why is the deposition of dew rarely observed in the close and 
$heUered streets of cities f _ 

Because there the objects are necessarily exposed to 
each other's radiation, and an interchange of hmt takes 
place, which maintains them at a temperature uniform 
with the air. 

1103 When is dew converted into frost f 

If the temperature of the earth, or of the vessel, sink 
to the freezing point or below, the moisture will be de- 
posited as before ; but by freezing, it assumes the solid 
Ibrm, and is called frost. 

H04 Why is a dew^rop round t 
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Why a dew-drop is round. Why a duck is not wet with water. 



Because every part of it ia equaUy halaiiced; and 
therefore there is no cause why one part of the drop 
should be farther from the centre than another. 

UO£S Why win dev>-drops roU abcnU cabbage plants^ poppies^ &c.^ with 
out wetting the surface t 

Because the leaves of cabbages and poppies are 
covered with a yerjjlne waxen powder^ over which the 
jdew-drop rolls without wetting tlie surface, as a drop of 
rain would over dust 

HOC Why does not a drop of rain wet the dust over which it roUs t 

Because dust has no affinity for water, and therefore 
repels it. 

no 7 Why can swans and ducks dive under water toifhout being toettedi 

Because their feathers are covered with an oily aecre* 
tion, which has no aflSnity for water, and therefore re- 
pels it. 

1108 W?iai is the figure which water always assumes when unsupported, 
or supported on a surface having little attraction /w itt 

The figure of a »phere. This figure becomes more or 
less globular or spheroidal in its shape, as the attraction, 
of the substances upon which it is received increases or 
diminishes ? 

XlOO Whait is the form of a drop of rain when descending in ihe air f 

A sphere. 

XllO Why should drops ofwaier, resting upon surfaces which have iw 
affmity for them^ assume a spheroidal shape f 

Because such surfaces not having so great an attrac- 
tion for the drops of water as the particles of water have 
for each other, the drops tend to preserve, as nearly as 
possible, the spJieroidal form which they would have 
if entirely unsupported, as when falling as drops of 
rain. 

1111 Is dew ever formed upon the surface of water t 

The formation of dew upon ships which traverse the 
vast solitudes of the ocean na5 never been noticed; and 
it has been ascertained by experiment that even a small 
quantity of water gains no weight by exposure during 
a single night. 
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No dew on the oomo. No dew falls on the hunum body. 



Although dew d<x s not appear upon ships at a great distance from land, 
it is freely deposited on the same vessels arriving in the vicinity of terra 
firmct. Thus, navigators who proceed from the Straits of Sunda to the 
Coromandel coast, know that they are near the end of the voyage when 
they perceive the ropes, sails, and other objects placed on the deck become 
moistened with dew during the night. 

11118 Why does not dew form upon (he surfoux of water f 

Because whenever the aqueous particles at the sur- 
face are cooled, they become hecwter than those below 
iiiein, and sink^ whUe warmer and lighter particles rise 
to the top. These, in their turn, become neavier, and 
descend ; and the process, continuing throughout the 
night, maintains the surface of the water and the air at 
nearly the same temperature. 

1113 L the iemperaiure at which dew is deposited from (he air always 
the same? 

No ; when the air is saturated with moisture, a slight 
reduction of temperature occasions a deposition of dew; 
but when the air is very dry, a greater reduction of 
4;emperature is necessary to condense its vapor. 

1114 Why are Ihe exposed parts of the human tody never covered vriik 
dewt 

Because the vital heat^ varying from 96° to 98° Fah- 
renheit, eSectuslly prevents such a loss of warmth as is 
necessaiy to its production. 

111£S In what countries are the dews most copious and abundant f 

In tropical cUmaies. 

1116 What is the reason of this f 

Because in those countries there is the greatest 'dif- 
ference between the temperature of the day and that 
of the night. 

The development of vegetation is greatest in tropical countries, and a 
great part of the nocturnal cooling is due to the leaves, which present to 
the sky ai!i immense number of thin bodies, having lieurge surface^ well 
Adapted to radiate heat. 
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Beflection of beat What are rays of heat t 



CHAPTEE VI 

REFLECTION, ABSORPTION, AND TRANSMISSION OF HEAT. 

1117 W?iat is meant by (ke reflection of heat t 

Heat is said to be reflected when it is caused to re- 
hound or be tKrmJon hack from the surface of a reflect- 
ing body. 

1118 Whai are the best reflectors of heat f 

All hrigkt surfaces and light colors. 

mo Are good absorbers of heat good reflectors also f 

No ; those things which ahsorh heat heat reflect heat 
worst / and those which reflet heat worst ahsorh it hesL 

11230 Why are those things which absorb heat unable to reflect it t 

Because if anything stocks in heat^ as a sponge does 
water, it cannot throw it off from its surface ; and if 
anything throws off heat from its surface, it cannot 
drink it in. 

IISI Why are reflectors always made of light-colored and higKLy- 
polished mekd t 

Because light-colored and highly-^lished metal makes 
the best of all reflectors. 

IXfZf^ If m£tal be such an exceUent conductor of heai^ how can it refleci 
heal, or throw it off 7 

Polished metal is a conductor of heat only when that 
heat is communicated by actual contact j but when- 
ever heat falls upon bright metal in rays^ it is reflected 
hack again^ and the metal remains cool. 

1128 Whai is meant " by heat faUing upon metal in rays^^^ and not 
" by contact f " 

If a pie'be of metal were thrust into a fire, it would 
be in actual contact with the flre / but if it were held 
hefore a fl/re^ the h^at of the nre would fall upon it m 
rays. 

11234 Why will a kettle be slower in boiling if the bottom and sides ar% 
dean and brigid f 
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Use of white dresfles in Btunmer. Ooldneas of high monntains. 

^ Because hHght metal does not absorb heat^ but re- 
flects it ; and (as the heat is thrown off from the sur- 
face of bright metal by reflection) therefore a new ket- 
tle takes a longer time to boil. 

Reflects heed — ^that is, throws it oflEl 

HSfi5 Why do persons wear white dresses in swrnmefT'time t 

Because white throws o^ the heat of the sun by rer 
fl^ction^ and is a veiy bad absorbent of heat ; in con- 
sequence of which white dresses never become so hot 
from the scorching sv/n as dark colors do. 

US6 Why do persons not wear white dresses in winter-time t 

Because white will not absorb heat like black and 
other dark colore ; and therefore white dresses are not 
so warm as da/rk ones. 

11S7 Why are shoes hotter for being dusty t 

Because dull, dusty shoes will absorb heat from the 
sun, earth, and air ; but shoes brightly polished throw 
off the heat of the sun by reflection. 

11.38 Why do not the solar ray.% even in the hottest day^ meU the snow 
upon the tops of high mountains, which are nearer to the sun than (he level 
portions of the earth t 

Because they only heat those bodies which can ab- 
sorb their warTnth^ as the rough surface of the earth. 
The snow is indeed struck by the rays of the sun, but 
being a white and shining body, it reflects them, and 
remains cold. 

HS9 Why does it always freeze on the top of a high mountain f 

1. Because air is heated by contact with the eartKs 
surface more than by solar rays which pass through it : 
as a mountain-top affords very small surface for such 
contact, it remains intensely cold ; and 

2. When air flows up the side of a mountain, it ex- 
pands from diminished pressure ; and consequently 
absorbs heat from surrounding objects. 

Rarefied air can hold more latent heat than dense air. can. 

H30 What is the difference between conducting heal and absorbing 
heaif 

To conditct heat is to transmit it from one body to 
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Conduction of beat How fanning cools. 

another through a conducting medium. To absorb heat 
is to 8v>ch it upj as a sponge sucks up water. 

1131 Gim me an example t 

Black cloth absorbs^ but does not conduct heat : thus, 
if black cloth be laid in the sun, it will ahsoii the ram 
very rapidly; but if one end of tlie black cloth be 
made hot, it would not conduct the heat to the other 
end. 

113Q Are good (xmductora of heat good absorbers also t 

No ; erery good condu^ctor^ of heat is a had ah8(yrher 
of it ; and no good absorber of heat can be a good con- 
ductor also. 

1133 Is iron a good absorber of heat t 

No ; iron is a good conductor j but a very had ab- 
sorher of heat 

1134 If a piece of brown paper be submitted to the action of a burning- 
glass it will catch fire mucli sooner than a piece of white paper would : ex- 
plain the reason, 

Because white paper reflects the rays of the sun, or 
throws them back ; in consequence of which it appears 
more luminous, but is not so much heated as dark 
hrown paper, which absorbs the rays, and readily be- 
comes heated to ignition. 

1136 How does the ceaseless change of air tend to decrease (he warmth 
of a naked body t 

The air (which cases the body) absorbs as much heat 
from it as it can, while it remains in contact ; being 
then blown away, it makes room for a fresh coat of 
air^ which readily absorbs more heat. 

1136 Does the air which encases a naked body become (by contact) as 
warm as the body itself t 

It would do 60, if it remained motionless; but, as it 
remains only a very short time^ it absorbs as much heat 
as it can in the time, and passes on. 

1137 Why does fanning the face in sumrMX rrvake it cool f 

Because the fan puts the air in motion^ and makea 
it pass more rapicUy over the face ; and (as the tem- 
perature of the air is usually lower than that of the 

8* 
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Wind generally feels oooL Utility of black kettles. 

human yjxc^) each volume of air carries off sorrie j>ortion 
of its heat 

H3S Does a fan cool the air t 

No ; it makes the air hotter by imparting to it the 
heat out of our face / but it cools oyxrfa^ce by transfer- 
ring its heat to the avr, 

H30 Hov) doesfamning (he face increase (he heai offke air t 

By driving the air more rapidly over the human 
body, and causing it, consequently, to absorb more heat* 

H40 If fanning makes (he air hotter^ why can it make a person fed 
cdolert 

' Because it takes the heat out of the facCy and gives 
it to the air, 

H4X Why does wind generaJly feel coolt 

Because it drives the air more rapidly over our body, 
and this rapid cha/nge of air draws off a large quantity 
of heat. 

H4S Why does air absorb hecct more quickly by being set in motion f 

Because every fresh gust of air absorbs a fresh por- 
tion of heai ; and the more rapid the succession of 
gustSy the greater will be the quantity of heat absorbed. 

1143 If the air were Jwiter than our body would the wind feel cool t 

No ; the air would feel insufferably hotj if it were 
hotter than our body, 

1144 Why would (he air fed intensdy hot, if it were wcmMT (han owr 
body? 

Because it would add to the heat of our body, instead 
of diminishing it. 

114CS J^ {he air ever as hoi as (he huTtfutn body t 

In the extreme of summer the temperature of the 
air sometimes exceeds the natural temperature of the 
body ; and when that is the case, the heat is almost 
insupportable. 

114Q Why does a ketde boU faster when (he bottom and sides Ure 
povered with soot t 

Because the bla^ck soot absm^bs heat very quickly from 
the fire, and the metal conducts it to the water. 
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1147 Why do we wear white linen and a black outer dresSj if we wani 
to he warm t 

Because the hlaek outer dress quickly absorbs heat 
from the sun ; and the white linen (being a had absorb- 
ent) abstracts no heat from the warm body. 

1148 WhaX colors are warmest for dresses t 

For outside garments bla^k is the warmest, and then 
such colors as approach nearest to black (as dark blue 
and green). Wnite is the coldest color for external 
clothing. 

114Q Why are dark colors {for external wear) so much warmer than 
light ones t 

Because dar/c colors absorb heat from the sun more 
abundantly than light ones. 

IICO How can you prove thai dark colors are warmer than light ones f 

If a piece of blaoh and a piece of white cloth were 
laid upon snow, in a few houre the bla^^k cloth wiU 
have melted the snow beneath / whereas the white cloth 
will have produced little or no efect upon it at aU, 

The darker any color is, the warmer it is, because it is a better absorb- 
ent of heat. The order may be thus arranged ; 1, black (warmest of all) ; 
2, violet ; 3, indigo ; 4, blue ; 6, green ; 6, red ; 7, yellow ; and 8, white 
(coldest of all). 

1161 Why does the Hack skin of a negro never sunburn or blister with 
the hot sunt 

Because the black color absorbs the heat, conveys it 
below the surface of the skin, and converts it into senr 
sible heat ana perspiration. 

115S Why does the white European skin bUster and bum when 
eocposed to tJie hot sim t 

Because white wiU not absorb heat ; and therefore the 
hot sun rests on the surface of the skin^ and bums it 

1163 Why do most of the aniTnais inhabiting the frigid zones have 
white fur^ hair, or feaiheret 

Because white radiates and absorbs but little heat. 

1154 What rdaiion exists between (he power of bodies to absorb and 
€ommunicaie heatf 

Tliose bodies which absorb \iQ2Lt freely ^2i\&o part with 
it most ra/pidly y that is, they are sooner heated and 
more speedily cooled than other bodies. 
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1^66 At what temperaiure do metais bum wJien handled t 

Metals canuot be handled when raised to a tempe* 
rature of more than one hundred and twenty degrees. 

U66 At what temperaiure does waUr scald f 

At one h/wndred cmd fifty degrees, 

1167 lb whai extent can the human system sustain the influence of 
heated air t 

Workmen enter ovens, in the manufacture of moulds 
of plaster of Paris, in which the thermometer stands 
100** above" the temperaiwre of hoilmg water^ and sustain 
no injury. 

If the person so entering a heated oven should hold next to his skin a 
piece of metal, the latter would absorb heat with sufficient rapidity to 
bum the surface with which it was in contact 

1168 Why is there so great a difference between the burning Ufrnperor 
ture of metals and air t 

The metals absorb heat quickly, and part with it 
fredvy the air absorbs heat very slowly , and does not 
readily part with it. 

115© Whai class of bodies aUow heai to pass freely through them t 

Transparent bodies of little density, as the air, the 
yarious gases, etc., etc. 



CHAPTER VII. 



EFFECT OF HEAT. 



1160 What effect has heai upon substances generaUy f 

It expands them, or enlarges their dimensions. 

1101 Are the dimensions of every kind of matter regulated by heai f 

They are; its increase, with few exceptions, separates 
the particles of bodies to a greater distance from each 
other, producing expansion, so that the same quantity 
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Fig. 40. 



Form of bodies dependent od beat. Heat expands all matter. 

of matter is thus made to occupy a larger space ; the 
diminution of heat has an opposite effect. 

The expansion of solids by heat is 
dearly shown by the following experi- 
ment, fig, 40 : in represents a ring of 
metal, through which, at the ordinary 
temperature, a small iron or copper 
ball, Of will pass freely, this ball being a 
little less than the diameter of the ring. 
If this ball be now heated by the flame 
of an alcohol lamp, it will become so 
far expanded by heat as no longer to 
pass through the ring.- 

IIQS la the form of bodies depend- 
ent on IiecUt 

It is. 

1163 Bifw is this shown t 

By the increase of heat, soUds are converted into 
liquids^ and liquids are dissipated into vapor / bv its 
decrease, vapors are condensed into liquids, and these 
become solia. 

■t 

1164 Jf matter ceased to he inflvjenced by Tieat, what tvould be the effect? 

All liquids, vapors, and doubtless even gases, would 
become permanently solid^ and all motion on the sur- 
face of the earth would be arrested, 

11SC5 Whai are (he three most apparent effects of heat^ so far as relates 
to the form and dimensions of bodies t 

Mopansion^ liquej^action^ and vaporization. 

1166 Does heai expand air t 

Yes ; if a bladder ^partially filledwith air) be tied 
up at the neck, and taid before the Jtre^ the air will 
escpand till the bladder hursts, 

1167 Why win the air swell if the bladder be laid before the fire f 

Because the heat of the fire will drive the particles 
of air apart from ea^h other^ and cause them to occupy 
more room than they did before. 

1168 Does heai expand aM maUer t 

Yes ; every thing (that man is acquainted with) is 
expanded by heat. 

1169 Bow can we prove thai aoUds expaitd with heai, t 
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If we take the exact dimensions in length, breadth, 
and thickness of any substance when cold, and measure 
it again when strongly heatedy it will be found to have 
increased in every direction. 

U70 Do bodies expand with the increase of hecU^ and conlrad upon its 
withdrawal^ with any degree of f wee t 

Yes ; the force with which bodies contract and ex- 
pand under the influence of heat is a/pparenUy irresist- 
tblcj and is recognised as one of the greatest forces in 
nature. 

1171 Whai peculujurUy exists in the effect of heai upon Ihe huUc ofs^mt 
fluids f 

That at a certain temperature increase of heat causes 
them to contract^ and its diminution mates them eos- 
' pand. 

1178 Whai classes of liquids eochibit this peculiarity t 

Those only which increase in bulk in passing from 
the liquid to the solid state, and this change is remarked 
only within a few degrees of temperature above their 
point of congelation. 

1173 WJiai is a noted example of (his exception to Ihe general laws of 
heatf 

Water ^ ice swims upon the surface of water, and 
therefore must be lighter, a convincing proof that wa- 
ter in the act of freezing must expand, 

1174 Why is the ice produced by Ihe freezing of sea water always 
fresh and free from salt t 

Because water, in freezing, if in suflScient quantity 
to allow freedom of motion to its particles, eoiypds cut 
imjmrities and colorvng matters. 

117C5 If a sohUion of indigo be frozen, why will ihe ice formed be dear 
and colorless t 

Because the water in which the indiffo was dissolved 
expels all the blue coloring matter while freezing. 

117Q Why are blocks of ice generally filled with air-bubbles f 

Because the water, during the act of freezing, eoapels 
the air contained in it, and many of the liberated bub- 
bles become lodged and imbedded in the thickening 
fluid. 
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Cause of weather-worn rocks. Cause of icicles. What is ice f 

1177 Is the force created ity the eocpansion of water in the ad of freezing 
vary greait 

Yes ; as an illustration the following experiment 
may be quoted : Cast-iron bomb-shells, thirteen inches 
in diameter and two inches thick, were filled with wa- 
ter, and their apertures or fuse-holes firmly plugged 
with iron bolts. Thus prepared, upon exposure to the 
severe cold of a Canadian winter, about 19° below 
" zero," at the moment the water froze, the iron plugs 
were violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demon- 
strating the enonnoiis interior pressure to which they 
were subjected by water assuming the solid state. 

1178 WJiai is (he principal cause of the rounded and weaiher-wom 
aspect of some rocksj especially the limestone and sandstone rocks? 

The eaypansion of freezing water : water is absorbed 
into their fissures and pores by capillary attraction, 
and when it freezes during winter, it expands and de- 
taches successive fragments, so that the original sharp 
and abrupt outline is gradually rounded and softened 
down. 

117© Why^ in (he winter, do we let (he water run to prevent its freezing 
in (he service pipe t 

Because the motion of the water prevents the crys- 
tals of ice from forming, or attaching themselves to the 
sides of the pipe. 

1180 Can a lens he made of ice capable of concentrating (he rays of the 
Bun with sufficient intensity to inflame substances t 

Yes ; a himing-letia can be formed of transparent 
ice, of power sufficient to produce effects nearly equal 
to those of the gla£S lens. 

1181 WTiai is " ground ice," or " anchor ice f " 

Ice formed at the bottom of strea^ns or rivers. 

118S Upon what does (he formation of icicles depend t 

Upon the successive congelation of drops or slender 
streams of water. ' 

1183 What is ice r 

Frozen waiter. When the temperature of water un- 
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Expansioii of water in freezing. 

der ordinary circumstances is reduced to 32® of heat, 
water will no longer remain in a fluid state. 

Ud4 Ckin waier be cooled below 32°, under any circumstances^ without 
freezing f % 

If pure, recenUy-hoUed water^ be cooled very slowly 
and kept very tranquil^ its temperature may be low- 
ered to 21° without the formation of ice ; but the least 
motion causes it to congeal suddenly, and its tempera- 
ture rises to 32°. 

use Why is solid ice lighter than waier f 

Because water expands by freezing ; and as its btdk 
is increased f its specific gravity must be less. 

Nine cubic inches of water become ten when frozen. 

118 Q Why are earthen or porcelain water vessels apt to break in a 
frosty nigJU t 

Because the water in them freezes, and {eoi^panding 
by frost) bursts the vessels to make room for its increas- 
ed volume. 

118*7 Why does it not expand upwards (like boUing waier) and run 
overt 

Because the surface is frozen first; and the frozen 
surface acts as apcitg, which is more difficult to burst 
than the earthen vessel itself. 

1188 Why do tUeSj stones^ and rocks often split in winter t 

Because the moisture in them freezes, and (expand- 
ing by frost) splits the solid mass, 

118Q In winter-time^ footmarks and wheet-rtUs are often covered unffi 
an icy network^ through the interstices of which the soU is clearly seen : why 
does the waier freeze in the form of network t 

Because it freezes first at the sides of the footprints ; 
other crystals gradually shoot across, and would cover 
the whole surface, if the earth did not absorb the water 
before it had time to freeze. 

1190 In winter-time^ these footimarks and whed-ruJts are sometimes 
covered with a perfect sheet of ice, and not an icy network : why is this t 

Because the air is colder and the earth harder than 
in the former case ; in consequence of which the entire 
surface of the footprint is frozen over before the earth 
has had time to absorb the water. 
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Water-pipee often burst in winter. Bottom of a rlTer rarely Arozen. 

1.191 Why is not the ice solid in these ruts f — why is there ordy a very 
thin film or network of ice t 

Because the earth absorbs most of the water^ and 
leaves only the icy flm iehind. 

11©S Why do water-pipes Jrequenily hurst in frosty weather t 

Because the water in them freezes, and {eoopanding 
hy frost) bursts the pipes to make room for its increased 
volume. 

11©3 Why docs the earth crack in intense cold weaXher f 

The moisture in the soil in the act of freezing eah 
pands^ and forces the particles asunder. The disrup- 
tion of the earth is frequently accompanied with a loud 
sound. 

11©4 Does not waier expand by heat as well as hy cold t 

Yes ; it expands as soon as it is more than 42®, till it 
hoils / after which time it flies off in steam. 

1196 When does waier begin to ea^andjrom cold f 

"WTien it is reduced to 40°. Water is wisely Qrdained 
to be an exertion to a very general rule : it contracts 
till it is reduced to 40°, and then it expands tiU it 
freezes. 

The general rule is this : — That cold condenses and contracts the volume 
of nearly everything; but water is Twt contracted by cold when it freezes 
(which it does at 32°). 

' 1196 Why does water expand when it freezes t 

The expansion of water at the moment of freezing is 
attributed to a new and peculiar arrangement of its 
particles. Ice is, in reality, crystallized water, and dur- 
ing its formation the particles arrange themselves in 
ranks and lines which cross each other at angles of 60° 
and 120°, and consequently occupy more space than 
when liquid, Tliis may be seen by examining the sur- 
face of water in a sancer while freezing. 

1197 Why is the hottom of a river rarely frozen t 

Because water ascends to the surface as soon as it be* 
comes colder than 42"*, and (if it freezes) ^a^ there till 
it is melted. 

1198 Show the wisdom of the Creator in (his wonderful exception to a 
general law. 
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"Why water ftreezea first at the sarface. Why mnnlog water freezes slowly. 

If* ice were heavier them water it would sinh^ and a 
river would soon become a solid hlocJc of ice, which 
could never be dissolved. 

The general rule is, that all substances become heavier from condensa- 
tion ; but ice is Ughter than water. 

H©0 Why does not the ice on (he surface of a river chill the water 
beneaffij and make it freeze t 

1. Because water is a very had conductor, and is 
heated or chilled by convection only ; 

2. If the ice on the surface were to communicate its 
coldness to the water beneath, the water beneath would 
communicate its heat to the ice, and the ice would in- 
stantly m^^y and 

3. The ice on the surface acts as a shield, to prevent 
the cold from penetrating through the river to freeze the 
water below the surface. 

3r^OO Why does waier freeze ai (he surface firatt 

Because the surface is in contact with the air, and the 
iilr carries away its heat 

1S301 Why does (he coai of ice grow (hicker and (hicker if the frost 
continues f 

Because the heat of the water (immediately below 
the frozen surface) jpasses through the ice into the cold 
air, 

lS30i3 Why are not whole rivers frozen {layer by layer) till (hey be- 
come solid ice t 

Because water is so slow a conductor, that our frosts 
never continue long enough to convert a whole river 
into a soli^ mass of ice. 

1S303 Why does not running water freeze as fast as stiU water f 

1. Because the motion of the current disturbs the . 
crystals, and prevents their forming into a continuous 
surface ; and 

2. The heat of the under surface is communicated to 
the upper surface by the inotimi of the water ^ 

11304 When running water is frozen^ why is the ux generally very 
rough? 

Because little flakes of ice are first formed and ca/rried 
down the stream, till they meet some obstaxiLe to stop 
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8ea water is rarely froien. How the depth of water Inflaences freezing. 

them ; other flakes of ice (impinging against them) are 
arrested in like manner ; and the edges of the different 
flakes overlapping each other, Tnake the surface rough. 

1206 Why do some parts of a river freeze less than others t 

Because springs issue from the bottom, and (as they 
bubble upwards) thaw the ice^ or make it thin. 

1230Q When persons fciU into a river in wirUer-tiine, why does the water 
feet remarkiably warm f 

Because the frosty air is at least ten or twelve de- 
grees colder than the water is. 

The water below the surface is at least 42®, but the air 32*, or even 
less. 

ISOT* Why is sea water rarely frozen t 

1. Because the mass of water is so great^ that it re* 
quires a very long time to cool the whole volume down 
to forty degrees ; 

2. The 3>b arid flow of the sea interfere with the 
cooling influence of the air ; and 

3. Salt water never freezes till the surface is cooled 
down to twenty-seven degrees^ or five degrees below the 
freezing point of fresh water. 

XS08 Why do some lakes rarely {if ever) freezef 



1. Because thev are very deep : and 

2. Because their water is supplied by 



springs which 
bubble from the bottom. 

1509 Emo does the depth ofwaier injluenoe its freezing t 

It is necessary that the whole volume of water should 
be reduced to forty degrees before the surface wiU 
heain to freeze / ana the deeper the water, the longer it 
will be before the whole volume is thus reduced. 

1510 Why do springs at (he bottom of a lake prevent its freezing f 

Because they keep continually sending forth water 
having a temperature above that of the mass of the 
water^ which prevents the lake from being reduced to 
the necessary degree of coldness. 

1511 It is more chilly in a (haw than in a frost : explain (he reason 
rf (his. 

When frozen water is thawed^ it absorbs heat from 
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Why It is chilly daring s thaw. Cause of hoar-fi'ost. 



the air, etc., to melt the ice ; in consequence of which 
the heat of the air is greatly reduced. 

123123 To what eoctent can the tempercUwre be reduced "by the Uquefaction 
of a mixture of the two solids^ snow and salt t 

By means of a mixture of equal weights of common 
salt and fresh snow (or pounded icej, a steady temper- 
ature of nearly 40° below the freezmg point of water 
can be maintained for hours. 

1^13 Bow much heai is required to meU ice t 

The conversion of a cube of ice, three feet on the 
side, into water at 32°, would absorb all the heat pro- 
duced by the combustion of a bushel of coal. 

1814 Why does the frost of winter make the earth in spring hose and 
friable t 

Because the water absorbed by the earth in warm 
weather, expanding hy the frosty thrusts the particles 
of earth apart from each other, and leaves a chink or 
crack between. 

181C5 Show the wisdom of the Creator in this arrangemenL 

These cracks in the earth let in air, dew, rain, and 
many gases favorable to vegetation. 

1S16 Why are delicate trees covered with straw in winter f 

Because straw (being a non-conductor) prevents the 
sap of the tree from being frozen. 

1J317 What is hoarfrost f 

There are two sorts of hoarfrost : 1. Frozen dew ^ and 
2. Frozen fog, 

1S18 What is the cause of the ground hoarfrost^ or frozen dew t 

Very rapid radiation of heat from the earth ; in 
consequence of which the surface is so cooled down^ 
that \t freezes the dew condensed upon it. 

1S319 Why is hoarfrost seen only after a very clear night t 

Because the earth will not have thrown off heat 
enough by radiation to freeze the vapor condensed upon 
its surface, unless the night be very clear indeed. 

"^SSO WJiat is the cause of that hoarfrost which arises from frozen fog t 
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Where hoer-Arost does not aoonmalate. Frostwork on windows. 

The thick fog which invested the earth during the 
night (being condensed by the cold frost of early morn- 
ing) is congealed upon every object with which it comes 
in contact. 

1.^81 Why is there UtUe or no hoarfrost under shrubs arid shady trees t 

1, Because the leafy top arrests the process of radi- 
ation from the earth ; and 

2. Shrubs and trees radiate heat towards the earth ; 
and therefore the ground beneath is rarely cold enough 
to congeal the little dew which rests upon it. 

IS^'S^^ Why does hoarfrost very often cover the ground and trees^ when 
the water of rivers is not frozen f 

Because it is not the effect of cold in the air, but 
cold on the surface of the earth (produced by excessive 
radiation), which freezes the dew condensed upon it. 

Ii323 Why is the hoarfrost upon grass and vegetables much thicker 
than that upon lofty trees t 

Because the air (resting on the surface of the ground) 
is much colder after sunset than the air higher up / in 
consequence of which more vapor is condensed and 
frozen there. 

12i34 What is ffie cause of the pretty frostwork seen on bedroom win- 
dows in vfinier-timef 

The breaih and m^eTv&\\>\Q perspiraUon of the sleeper 
(coming in contact with the ice-cold window) zx^ frozen 
by the cold glass, and, crystallizing, form those beautiful 
appearances seen on a winter morning. 

12S3CS Are aU the figures of frostwork form/ed in accordance with certain 
fixed laws f 

All these figures are limited by certain laws^ and the 
lines which bound them form among themselves no 
angles but those of 30**, 60°, and 120\ 

1226 If you frajdure thin ice by allowing a pole or weight to faH upon 
a, wiU the lines of the fracture have anything of regularity t 

Yes ; the fracture will generally present a star with 
six equidistant radii, or angles of 60°. 

X^Si'7 Why is a glass or earthen vessel apt to break when hot water is 
poured into itf 

Because the inside of the glass is expanded by the 
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Why glass breaks when placed in hot water. Why a-ttove snaps. ' 

hot water, and not the outside / so the glass snaps in 
consequence of this unequal expansion. 

123S8 Why is not the outside of (he glass expanded by (heTwt waler as 
well as the inside t 

Because glass is a had condicctor of Tieat^ and hreahs 
before the heat of the inner surface is conducted to the 
outside, 

lSi3Q Why does a glass snap because the inner surface is hotter than 
iheoutert 

Because the in7ier surface is expanded, and not the 
outer ; in consequence of which an opposing force is 
created which breaks the glass. 

1S330 Why does a cooper heat his hoops red hot witen Tie puis them on 
atubf 

1. As iron expands hy heat^ the hoops will be larger 
when they are red hot ; in consequence of which thejr 
will fit on the tub more easily / and 

2. As iron contracts hy cold^ the hoops will shrink 
as they cool down, and girt the tub with a tighter 
grasp. 

1S331. Why does a wheelwright make the tire red hot which he fixes on 
a whedf 

1. That it TCidLj fit on more easily ; and 

2. That it may gi/rt the wheel mxrre tightly. 

Ii33i3 Why will the whedwrigMs tire fU the whed more easily for bein^ 
made redhotf 

Because it will be expanded by the heat, and (being 
larger) will go on the wheel more easily, 

12333 Why wiU the tire which has been put on hot girt the wheel mare 
firmly f 

Because it will shrink when it cools down, and 
therefore girt the whed with a tightefr grasp. 

1834: Why does a stove make a crackling noise when afire is very hoif 

Because it expands from the. heat ; and the parts of 
the stove rubhing against each other, or driving against 
the hricks, produce a crackling noise. 

1S35 Why does a stove make a similar crackling noise when a largt 
fire is put outt 
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Why clocks go faster In sammer than in winter. 



Because the metal of the stove contracts, by reason 
of a reductioa of temperature, when the fire is extin- 
guished. 

1233Q Why are (he nails in cUmost aU old houses loose and easily 
drawn otUt 

Because the iron expands in the auTniner^ and oofir 
tracts in the winter^ more than the stone or wood, and 
thus the opening is gradually enlarged after a lapse of 
time. • 

1837 Why does a piano give a higher tone in a cold than in a warm 
room? 

Because in a cold room the strings are contracted 
and tighter. 

X238 Why do clocks go shiver in summer and faster in winter t 

Because the pendtdums elongate in summer through 
the efifects of heat, and consequently vibrate slower ; 
while in winter they contract^ become shorter, and 
vibrate more rapidly. 

1839 Ebtv is this inequality in the rate of motion in timepieces obviated t 

By what is called a compensating pendulum / that 
is, one constructed of two metals, possessing different 
expansive powers, in such a manner that the greater 
expansion of one bar in one direction equals the less 
expansion of other bars in a different direction, and 
thus maintain an invariable length of the pendulum. 

1840 Does wood expand under the influence of heat differently from 
metal f 

Yes ; an iron bar expands and contracts equally in 
all directions, but wood expands and contracts more in 
breadth than in length. 

1S41 Why wiU a person^ buying oil, molasses^ spirits^ etc.^ by the mea- 
sure, get a greaier weight of the same maierial in the same vneasure in the 
winter than in the swmmer t 

Because these liquids contract and occupy less space 
in the winter than in summer ; consequently it requires 
more of the same kind to fill the same space in winter 
than in summer. 

1848 Ebw can heat be vneasured t 

Only by its effects : since the magnitude of any body 
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What is tenip«rstQre i Tbermometen and pyrometen. 



changes with the heat to which it is exposed ; and since, 
when subject to the same calorific influences, it always 
has the same magnitude, these dilatations and contrac- 
tions, which are the constant eflfects of heat, may be 
taken as the measure of the physical cause that pro- 
duced them. 

1243 What is (he tempercUv/re of a body t 

It is the dctual state of a body at any moment, deter- 
mined by a comparison of its magnitude with the heat 
to which it is exposed. 

1244 WhoA is a change of temperature t 

The change in magnitude which a body suffers by 
changes in the heat to which it is exposed. 

1246 What are the instruments for measuring heai called f 

Thermometers diXid. jpyrmneters. 

-124© What is the difference between Ihem t 

A thermometer is used for measuring m/)derate tem- 
peratures ; while the pyrometer is chiefly applied to de- 
termine the more elevated degrees of heat. 

1247 What substances are best adapted for m^easuring the effects of 
heai by their expansion and contraction f 

Liquids^ above all other substances. 

1248 Why are liquids best adapted for, this purpose t 

Because in solids the direct expansion by heat is so 
small as to be seen or measured with difficulty ; in air 
or gases it is too extensive and too liable to be affected 
by atmospheric pressure ; but liquids are free from both 
disadvantages. 

1240 What liquid is generally used for the constrttction of ordinary 
thermometers f 

Mercury or quicksilver. 

1260 What m/ctal is distinguished from aU others by its fluidity at 
ordinary temperaiures t 

Mercwry or quichsH/ver. 

1251 Does mercury, Wee other metals, eoBpand by TiecUt 

It readily expamds or contra^cts with every variaUon 
of temperature. ■: 
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' Use of mercnry in thermometers. How thermometers are constructed. 

■ I ■ ■ ■ ■< . . ... 

1S68 Why is mercury preferable to aU other liquids for the purposes 
of the thermoTneierf 

Because it hoils at a higher terrvperature than any- 
other liquid, except certain oils; and, on the other 
hand, it freezes at a lower teinperature than all other 
liquids, except some of the most volatile, such as ether 
and alcohol. 

Thus, a mercurial thermometer will have a wider range than any other 
liquid thermometer. It is also attended with this convenience), that the 
extent of temperature included between melting ice and boiling water 
stands at a considerable distance from the limits of its range, or its 
freezing and boiling points. 

1.553 Of what does the mercurial thermometer consist f 

The mercurial thermometer consists essentially of a 
glass tube with a bulb at one extremity, and which, 
having been filled with mercury- at a certain tempera- 
ture, introduced through tlie open end, has been her- 
metically sealed while' full, so that no air can after- 
wards enter it. 

As the tube and mercury in it gradually become cooled, the inclosed 
fluid contracts, and consequently sinks, leaving above it a vacant space 
or vacuum, through which it may again expand on the appUcation of 
heat 

1.554 As Oiermorrveiers are constructed of differemX dimensions and 
capacities, how are they graduated to iTidicate the same temperaiure under 
the same circumstances, as the freezing point, for example f 

The thermometers are first immersed in melting snow 
or ice. The mercury will be observed to stop in each 
thermometer-tube at a certain heiglit ; these heights 
are then marked upon the tubes. Now it has been 
ascertained that at whatever time and place the instru- 
ments may be afterwards immersed in melting snow or 
ice, the mercury contained in them will always fix itself 
at the point thus marked. This point is called tlie 
freezing poird of water. 

125S How is the boiling point ascertained t 

It has been found that at whatever time or place the 
instruments are immersed in pure water, when boiling, 
provided the barometer stands at the height of thirty 
mches, the mercury wiU always rise in each to a certain 

9 
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height. Tills, therefore, forms another fixed point on 
tlie geometric scale, and is caUed the hoding jxnnt, 
isee Bow are the inifrmediaU potnb determinal t 
In Falirenheit'B thermometer, the interval? on the 
scale, between the freezing and boiling points, are 
divided into 180 eqnat parts. This division is simUarly 
continued below tlie freezing point to the place 0, and 
each division npwards from tliat is marked with the enc- 
ceseive number 1, 2, 3, etc. The freezing point will 
now be tlie 32d division, and the boiling point will be 
the 212th division. Tliese divisions are called degrees, 
and the boiling point will therefore be 212°, and tlie 
freezing temperature, 32°. 

ISOT WAen aiid fcy wftom was the GxrmomeU^ invented f 
Tlie tliermoraeter was invented abont the year 1600; 
bnt, like many other inventions, the merit of its dis- 
covery is not to be ascribed to one person, but to be 
distributed among many. 

1S5S Why M Ihe OitTmomelar in general use in the Untied SUUel, 
Eaglaad, and UoUand, coiled FUlirea/ieil'a thermomder t 

Because thermometers having a like gi-aduation were 
first manufactured by Falirenheit, a Butcli pliiloso- 
phical instrument-maker. The employment of mercury 
as the most suitable fluid for the thermometer is also 
usually attributed to bira. 

net 1S53 Unu! manj/ kiads of ihermomeUrM 

are in general use t 

Three : Fahrenheit a, Heau- 
mur's, and the Centigrade ther- 
mometer, or thermometer of 
Celsius. 

ISSO Whai amiriituia the diferenc* 
bei'i>een IMse instrumenls t 

Tlie differences of graduaiion 
between the freezing and boiling 
points of water. lieaumur is 
divided into eighty deffrees, the 
Centigrade into one hundred, 
and Fahrenheit's into (me Aim* 
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dred and eujhty. According to Reaumur, water freezes 
at 0°, and boils at 80°; according to Centigrade, it 
freezes at 0°, and boils at 100" ; and according to Fali- 
renbeit, it freezes at 32°, andboibat212°j tbe last, very 
singularly, commences counting not at tbe freezing 
point, but 32° below it. 

The diffErences between these instnunents con be ea^y aeea by rerer- 
cnce to Fig. 41. 

ISSl In what countriea are the .Beoumttr and CadigratU thermomelera 
generaUy luedt 

Heaumur is in general use in Germany, and the 
Centigrade in France ; but for scientific purposes the 
Centigrade is abnost universally adopted, 

liSBS At whcd temperaiuTe dufs iiuxcary frixtet 

At about 39° hdow the zero of Fabrenlieit's thermo- 
meter. 

1Q83 Sovi are deffreei of cold mere intone Ihan tha measuredt 

"By using a thermometer filled with atoo/iol colored 
red, as tbis fiuid when pure does not congeal at 100° 
Fahrenheit below zero. 

3.sa4 Alv>!uii iemperalare doameroiry boiit 

At 660" Fahrenheit. 

1S86 How are lemperaliirea greater than tkii determined f 

By means of the expansion of solids ,' and instru- 
ments founded upon this principle are commonly called 
pyromsters. 



Tha construction of tbe pyiDHMter U represented in Fij. 12. X lept*- 
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What is liqaefaotion i Why ice is melted by heat 



Bents a metallic bar, fixed at one end, B, but left free at the other, and in 
contact with the end of a pointer, K, moving freely over a graduated scale. 
If the bar be heated by the flame of alcohol, the metal expands, and 
pressing upon the end of the pointer moves it, in a greater or less degree. 

1.S66 On vfhai, principle have pyrometers generally teen constructed t 

On the relative expansion of bars of iron, or some 
other metal. 

1SS7 Does a thermometer inform us how much heal any body con- 
tains f 

No ; it merely points out a difference in the tenh- 
perature of two or more substances. All we learn by 
the thermometer is whether the temperature of one 
body is greater or less than that of another ; and if 
there is a difference it is expressed numerically — 
namely, by the degrees of the thermometer. 

It must be remembered that these degrees are parts of an arbitrary 
scale, selected for convenience, without any reference whatever to the 
actual quantity of heat present in bodies. 

1S68 After the expa/ision of solids, when acted upon by heat, what 
other effect is next observed f 

They change their original state^ become liquid, or 
melt. Many of them become soj^t before melting, so 
that they may be kneaded ; for instance, wax, glass, 
and iron ; in this condition, glass can be bent and 
moulded like wax, and iron can be forged or welded. 

1.260 WTiat is meant by liquefaction t 

The conversion of a solid into a liquid by the agency 
of heat, as solid ice is converted into water by the heat 
of the sun. 

1S70 Why is ice melted by the heat of the sun t 

Because, when the heat of the sim enters the solid 
ice, it forces its particles asunder^ till their attraction 
of cohesion is sufficiently overcome to convert the solid 
ice into a liquid. 

1.^*71. Why are metals melted by the heat of fire t 

Because, when the heat of the fire enters the solid 
metal, it forces its particles asunder, till their attraction 
of cohesion is sufficiently overcome to convert the solid 
metal into a liquid. 
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1S7S W?ien salt is mixed with water and disappears in the liquid^ 
what is said to have taken place f 

Tlie salt is said to have dissolved in the water, and 
the liquid is now a solution of salt. 

IS 73 Whaij (hen, is a solution f 

, A solution is the result of an attraction or affinity 
between a solid and a fluid ; and when a soHd disap- 
pears in a liqnid, if the compound exhibits perfect 
transparency^ we have an example of 2^ perfect solution, 

1S74: Wlwn is a solution said to be saturated f 

When the fluid has dissolved as much of the solid as 
it is capable of doing, it is said to be saturated: or, in 
other words, the afiinity or attraction of the fluid for 
the solid continues to operate to a certain point, where 
it is overbalanced by the cohesion of the solid ; it then 
ceases, and the fluid is said to be saturated. 

3LS75 Wliai is the difference between a solution and a mioUure f 

A solution is a chemical union / a mixture is a mere 
mechanical union of bodies. 

1.S7Q Why wiU water dissolve sugar t 

Because there is attractio?i or affinity between the 
particles of the w^ater and the particles of the sugar. 

IST'T' What do we mean by affinity t 

Affinity is that kind of attraction in virtue of which 
bodies of a dissimilar character combine together into 
^ whole, which appears perfectly uniform to the senses, 
even when assisted by powerful magnifying instruments. 

ISTS Why will not water dissolve granite or metallic iron t 

Because there is not sufficient affinity or attraction 
between the particles of the water and those of the iron 
or granite. 

1370 Are (here any liquids iJiat have sufficient affinity to dissolve iron 
and granite t 

Yes ; certain acids have so great an affinity for the 
iron and granite that they are enabled to dissolve tliem. 

. ISSO Why wiU not water dissolve oilf 

Because there hno affinity or attraction between the 
particles of the two substances. 
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Yaporixation. Why heat converts water into Bteaox 

1881 Why wiU alcohol and ether dissolve oU t 

Becaase the attraction or affinity between the alco- 
hol or ether and the oil is sufficient to enable them to 
effect a solution. 

1888 W hat effect has heat upon (he dissolving power of liquids t 

. In most cases the addition of heat to a liquid greatly 
increases its solvent properties. Sot waier will dissolve 
much more sngar than cold water, and hot water will 
also dissolve many things which cold water is unable 
to affect. 

1883 Why does not wood melt like metal t 

Because the heat of the fire decomposes the wood into 
ffoSj smoke^ and asheSj and the different parts separate 
from each other. 

188^ Whaiismeardhy vaporisudioni 

Tlie conversion of a solid or liquid into vapor / as 
snow or water is converted into vapor by the neat of 
the sun. 

1886 Why is water converted into steam by the heai of (he fire f 

Because, when the heat of the fire enters the water, 
it separates its substance into very minute particles j 
which (being lighter than air) fly off from the surface 
in the form of steam. 

1886 Why do doors swell in rainy weather t 

Because the air is jUled with vapor^ which (pene- 
trating into the pores of the wood) forces its particles 
farther apart^ and swells the door. 

1887 Why do doors shrink in dry weoither? 

Because the moisture is absorbed from the wood^ and, 
as the particles are brought closer together^ the size of 
the door is lessened ; in other words, ih^wood shrinks. 

1888 Why does a drop of water sometimes roU along a piece of hot 
iron without leaving the least trace t 

Because the botf^om of the drop is changed into vapor^ 
which buoys the drop up^ without allowing it to touch 
the iron. 

1888 Why does it roU? 
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Volatile snbstanoes. What is distillation 7 

Because the current of air (which is always passing 
over a heated surface) drives it along, 

1.SOO Why does a laundress put a liiUe saliva on aflat-iron to know if 
it be hot eiumgh t 

Because when the saliva sticks to the iron and is 
evaporatedj she knows it is not sufficiently hot; but 
when it runs along the iron^ it is. 

ISQl Why is the flai-iron hotter if the saliva runs aiUmg it^ than if it 
adheres till it is evaporated? 

Because when the saliva runs along the iron, the heat 
is sufficient to convert the hottom of the drop into vapor / 
but if the saliva wUl not roU^ the iron is not sufficiently 
hot to convert the bottom of the drop into vapor. 

1.20S To what substaruxs do we apply (he term " volatile ?" 

To those which have a great tendency to assume the 
gaseotcs fonn. 

1.SS3 To whai suibsiances do we apply the term ^^Uxed^^'' or ^^non-voUi- 
tUer 

To those in which the tendency to assume the gaseous 
form is small, 

1294 Do vapors occupy much more space than (he substances from which 
they were prodtuxd t 

They occupy a much greater space / water, in passing 
from its point of greatest density into vapor, expands to 
sixteen hundred and ninety-six times its volume. 

1.239S Under whai two heads does (he subject of vaporization divide 
itselff 

Into ebullition and evaporation 

12396 What is distillation f 

A process by which one body is sepa/rated /rom a/n- 
other by means of heat^ in cases where one of the bodies 
assumes the form of vapor at a lower temperature than 
the other ; this first rises in the form of vapor, which is 
received and condensed in a separate vessel. 

1397 How is (fie process of simple distillation effected f 

A peculiar-shaped vessel called a retort {Fig. 43) is 
half filled with a volatile liquid and heated ; the steam, 
as it forms, passes through the neck of the retort into a 



SCreNCE OF COMMON 



WhrdtstllledWBtfi 



glass receiver contained in a vcBBel filled with cold 
water, and is then condensed. 



1S98 Why ia vmter ohiaiited in thk manner hy disliOalion pttrvr Hum 
tpring waiert 

Because the non-volatile, eartliy, and saline portions 
contained in all spnng waters do not ascend toith the 
vapor, but remain in the retort. By this means very 
volatile bodies can be easily separated from less volatile 
ones ; as brandy and alcohol from tlie leas volatile 
■water wliicli may be mixed with them. 



A " stiil ,■" and, for con- 
densing the vapor, vats are 
constructed, holding ser- 
pentine pipes or "■worms," 
which present a greater 
condensmg surface than 
if the pipe had psissed di- 
rectly through the vat. 

To keep the coil of pipe cool, thn 
vata are kept filled witJi aild water. 
Ji. M. (See f"J- 4i) 

In Cilia Sgure a is a furnace, in 
which Is flxpd a copper vessel to contain the fluid. Heat beinj» applied, 
the steam rises in the liead h, and passes through the worm d, which is 
placed in a voasul of water, the refrigerator. The vapor thus generated is 
condensed in iLi passage, and passes out as a liquid by tUe extcrnaJ pips 

1300 What M the difference beUixnn drying by heat and disti&mgT 
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What is evaporation ? Danger of wearing wet clothes. 

In the one case, the substance vaporized, being of no 
use, is allowed to escape or become dissipated in the 
atmosphere; while in the other, being tne valuable 
part, it is caicght and condensed into the liquid form. 

1301 Whai is Ihe vapor from damp linen t 

The vapor from damp linen, if caught, would be dls" 
tilled water. 

' 130S What is evaporaiion f 

The conversion of a fluid into vapor. 

When vaporization takes place only from the surface of a body, either 
because the heat has access to that part, or because the evolution of 
vapor takes place through the medium of a gas or air already present, the 
action can only be recognised by the diminution of the bulk of the body : 
this phenomenon is called evaporation. 

1303 What effects are produced by evaporation t 

The substance vaporized absorbs heat from the body 
whence it issues ; and the body, deprived of a portion 
of its substance by evaporation, loses heat. 

1304 If you wet your finger in your mmdh^ and hold it up in (he air^ 
why does it fed cold f 

Because the saliva quickly evaporates^ and (as it 
evaporates) absorbs heat from the finger^ making it feel 
cold. 

X306 If you bathe your temples with ether^ cologne water^ spirits, cfc., 
why does it atiay inflammation and feverish heatt 

Because these liquids very rapidly evaporate^ and (as 
they evaporate) absorb hsat from the burning head^ 
producing a sensation of cold. 

1306 Why do we fed cold when we have wet feet or clothes t 

Because the wet of our shoes or clothes rapidly evor 

f>orateSj and (as it evaporates) absorbs hea^ from our 
odyj which makes us feel cold. 

1307 Why do wet feet or doihes give us ^''coldf^ 

Because the evaporation absorbs heat so abundantly 
from the surface of our body, that its temperature is 
lowered below its natural standard / in consequence of 
which health is injured. 

1308 Why is it dangerous to sleep in a damp bed t 

Because the heat is continually absorbed from the 

9* 
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Health liijared by redacing the temperature of the budy. 

surface of our body to convert the dcump of the sheets 
into vapor : in consequence of which our animal heat 
is reduced oelow the healthy standard. 

1309 Why is TieaUh injured when ike temperature of the body is 
reduced below its ncUwrcd standard t 

Because the balance of the circulation is destroyed. 
Blood is driven away from the external surfa^ by the 
chilly and thrown upon the internal organs^ which are 
oppressed by this increase of blood. 

1310 Why do we not feel the same sensation of cold if we throw a 
waitrproof coat over our wet clothes t 

Because water-proof coats (being air-tight) prevent 
evaporation^ and (as the wet cannot evaporate) no heat 
is absorbed from our bodies. 

1311 Why does sprinkling a hat room with water cool it f 

Because the heat of the room causes a rapid evapora- 
tion of the sprinkled water ^ and as the water evaporates, 
it absorbs heal from the room^ which cools it. 

1312 Why does watering the streets and roads cool them t 

Because they part with their heat to promote the evar 
poration of the water sprivMed on them. 

1313 Why does a shower of rain cool the air in summer'time t 

Because the wet earth parts with its heat to promote 
evaporation / and when the earth is cooled, it cools the 
air also. 

1314 Why is Unen dried by being exposed to the wind f 

Because the wind accelerates evaporation by removing 
the vapor from the surface of the wet linen as fast as it 
is formed. 

1316 Why does draining h/nd promote wamUh 

Because abstracting water diminishes evaporation / 
in consequence of which less heat is withdrawn from the 
earth. 

131© Why does cultivation increase (he warmth of a country t 

A cultivated country is better drained, and laid open 
to the rays of the sun. The forests being cut down, 
the snow quickly disappears in tlie spring, and the 
earth soon becomes dry. 
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Air cool after a rain. Prodactlon and nature of steam. 

1317 Why does J^ead after the lapse of a few days become dry and 
staler 

Because the moisture contained in it evaporates ; the 
particles then shrink, and the whole mass becomes 
hard, 

1318 Why is not the vapor of the sea saU t 

Because the salt is always left behind in the process 
of evaporation. 

1319 " AU the rivers run into the sea :" why is not the sea fuU t 

Because the quantity of water evaporated from the 
surface of the sea is eqical to the quantity poured into 
it by the rivers ; therefore the sea is never full, 

138 O Why is it freqttently cooler after a rain t 

Because water which falls from the atmosphere soon 
returns to it in the form of vapor^ carrying with it, in 
the latent form^ a large amount of heal taken from 
every object, thus moderating the temperature of the 
earth, and refreshing the animal and vegetable creations. 

13«31 Does evaporaiion take place from the surface of snow and ice f 

Yes, to a very considerable extent^ even when the 
temperature of the air is hdow th^ freezing point. 

13138 What is steam f 

The vapor of boiling water. 

1323 Is steam visible or invisible t 

Steam is invisible; but when it comes in contact 
with the air (being condensed into small drops) it in- 
stantly becomes visible. 

1324 How do you know that steam is invisible f 

If you look at the spout of a boiling kettle, you will 
find that the steam (which issues from the spout) is 
always invisible for about half an inch, after which it 
becomes visible. 

1325 Why is (he steam invisible for half an inch t 

Because the air is not able to condense it, as it first 
issues from the spout ; but when it spreads and comes 
in contact with a larger volume of air, the invisible 
steam is readily condensed into visible drops. ^ 
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Vapor of water always exists in air. White appearance of steam. 

^ - - - - ■ 

1.8S36 Does air ever exist without steam or vapor of water f 

Air without steam (theoretically called dry air) is 
not known to exist in nature^ and is probably not pro* 
ducible by art. 

1QQ>*7 Is ike visible matter^ popularly called steam, reaMy true steam t 

By no meanSj and should be carefully distinguished 
from steam proper, or the aeriform state of water. Tlie 
cloud or smoke-like matter alluded to is really not an 
air or vapor at all, but a dust-like cloud of minute 
bodies of liquid water, wafted by a current either of 
true steam, or, more frequently, of mere moist air. 

13238 Is it necessary to the production of steam that water should he 
raised to the boiling temperaiure f 

It is not ; the surface of any watery liquid, about 20° 
warmer than any aujperincumbent air (however warm 
or cold that may be), rapidly gives off true steara^ which 
is invisible, but which no sooner mixes with colder air 
than it is recondensed into water, and assumes the 
forms of minute globules. 

1829 Whai causes the visible white appearance of condensed stea/mf 

The myriads of minute globules of water into which 
the steam is condensed are separatelv invisible to the 
naked eye, but each, nevertheless, reflects a minute ray 
of white light. The multitudes of these reflecting 
points, therefore, make the space through which they 
are diffused appear like a cloudy body, more or less 
white, according to their abundance. 

1330 In what manner is the production of steam in boiling waier firsi 
manifested t 

When steam begins to be produced, as in the process 
of making watei* boil, and the heat overcomes the 
atmospheric pressure on the surface, small bubbles are 
formed, adhering slightly to the sides of the vessel. 

1331 In what parts of the boiler wiU its development be most conspicur 
oust 

The bubbles are formed most rapidlv at those points 
against which the flame is most strongly directed. 

133S How much lighter is steam than water t 
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DUferent spaces occupied by steam and water. Pressure of steam. 




About 1700 times ; because a quantity of water 
yields nearly 1700 measures 
of steam at 212° F. 

JF\g. 45 represents the comparative 
volume of water and of steam. 

1333 How mtich stea/m wiU a cubic 
inch of water furnish t 

A cubic inch of water ex- 
pands into about a cfuhiGfoot 
of steam at 212° F., under the 
ordinary atmospheric pres- 
sure. 

1334 Upon whai does the power of ^^ , ^ 
steam depend f ^*" 

On the tendency which water possesses to expand 
into vapor when heated to a certain temperature. 

1335 Whai is the most important property of steam f 

Its elasticity or pressure. By virtue of this property, 
when freed from tne limits which confine it, steam will 
dilate into any space to which it may have access. 

1336 If a quantity of pure steam he confined in a close vessel^ in what 
manner wiU its pressure he exerted t 

It will exert on every part of the interior of the vessel 
a certain pressure directed outwa/rds^ and having a ten- 
dency to burst the vessel. 

1337 How great a pressure does steam^ formed under ordinary cir- 
cumstances, have to overcome before it can rise from the surface of the water f 

That of one atmosphere — -fifteen pounds on every 
square inch^ or one ton on every square foot — a force 
equivalent to the strength of six hujidred horses. 

1338 What happens when the temperature of steam generated under 
ordinary pressures is reduced below 212° F.f 

It is immediately condensed into water. 

1339 As steam sustains and elevates a weight occasioned by the pressure 
of th^ atmosphere, of fifteen pounds per square inch, what takes place when 
a column of steam is immediately condensed f 

The atmospheric weight will im/mediately fall with a 
force equal to that with which it was raised. 

1340 Bow can steam be used to advantage for cochin^ vegetables^ etc. f 
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What Is high-presBure steam ? What is a steam-engine ? 

^■V * i_i I — - . - _ ■ , i_ 

In cookery, if steam raised from boiling water be 
allowed to pass through meat and vegetables, it will be 
condensed upon their surfaces, imparting to them the 
latent heat which it contained before its condensation, 
thus cooking them as effectually as if they were im- 
mersed in boiling water. 

1341 What do we mean when we speak of high-pressure steam t 

High-pressure steam is merely steam condensed^ not 
by withdrawal of heat, but by pressii/re^ just as high- 
pressure air is merely condensed air. To obtain a 
double, triple, or greater pressure of steam, we must 
have twice, thrice, or more steam under the same vo- 
lume. 

1348 Is high-pressure steam^ escaping from a boiUr heaied to 300° or 
mort, JioUer than low-pressure steam escaping from a boiler at 212** f 

No ; for the instant that high-pressure or condensed 
steam escapes into the air, it immediately eiepands and 
becomes low^ressv/re steamy and is greatly cooled down 
by its expansion. 

1343 2)oes high-pressure steam^ acting in a hoiter ai a high tempera- 
turCy exert a greater mechanical and chemical power than hw-presswre 
steam t 

It does; high-pressure steam acting upon bones, 
breaks up and dissolves the whole mass, extracting all 
the glue and fat, when ordinary steam would dissolve 
notliing. 

In the "Western States, where large quantities of lard are manufactured, 
the whole hog is exposed to high-pressure steam, and the carcass reduced 
in a short time to a fat fluid mass. 

1344 Can high-pressure steam he raised to a very elevaied degree of 
heatt 

It can / in some of the methods latelv introduced for 
purifying oils, etc., the temperature of the steam, before 
its application, is required to be sufficiently elevated to 
enable it to mdt lead. 

1346 What is the steamrengine t 

Tlie steam-engine is a mechanical contrivance by 
which coal, wood, or other fuel is rendered capable of 
execnUnff any hind of labor. 
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Mechanical force of steam. Comparison of steam power and animal power. 

13<4:6 WTicU substance fumiskes ike means of calling the powers of coaX 
into activity t 

Water. 

1347 Sow much waJler will two ounces of coal evaporate t 

About a pint. 

^ 134:8 ffow much steam wiU (his produce f 

Two hundred and sixteen gallons. 

1340 How much mechanical force can this steam exert f 

It can raise a weight of thirty-seven tons to the 
height of one foot. 

1360 What amount of force can a man exert when applying his 
strength to (he best advantage through the hdp of machinery t 

It has been found by experiment, that a man work- 
ing on a tread-mill continuously for eight hours, will 
elevate one and ahalfmiUions of pounds to the height 
of one foot. 

1361 Wi(h Tiow much coal wiU a well constructed steam-engine perform 
the same labor f 

With the expenditure of apoitnd and a half 

136S How much coal thentoouM be equivalent to the average power of 
an able-bodied man during his active life, supposing him to work for twenty 
years at the rale of eight hours per day t 

The consumption of about four tons of coal would 
evolve in a steam-engine fully as much power. 

1363 The great pyramid of Egypt is five hundred feet high^ and weighs 
twelve thousand seven hundred and sixty millions of pounds, Herodotus 
states (hat in constructing it one hundred (housand men were constantly 
employed for twenty years. WUh how much coal could all (he malerials of 
this pyramid be raised to their present position from die ground t 

With the expenditxire of four hundred and eighty 
ions of coaL ^ 
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What la ventilation ! 



Warming and ventilation of bnlldinga. 



PAET VI. 

VENTILATION AND WARMING, COMBUSTION, 
RESPIRATION, AND NUTRITION. 



#•» 



CHAPTEE I. 

WAEMmG AND VENTILATION'. 

« 

136<4: WJujU is verUUatum f 

Ventilation is the act or operation of causing air to 
pass through any place, for the purpose of expelling 
impure air and dissipating noxious vapors. 

1366 W?iat is the th-^oreticcd perfection of ventilation f 

To render it impossible for any portion of air to be 
breathed twice in the same building. 

1330 Upon what principle does the whole process of warming and venr 
iilating buildings depend f 

Upon the expansion and contraction of air, or, in 
other words, upon the fact that air which has been 
heated and expanded ascends, and air which has been 
deprived of heat, or has become contracted, descends. 

13C7 Is there an upward current of air always 
rising from heated substances f 

There is ; air made lighter by heat 
ascends through colder strata, as a cork 
(put at the bottom of a basin of water) 
rises to the surface. 

1368 W?icU simple experiment sJwwx the exist* 
ence of this upward current in an ordinary sto^je f 

If we attach to the side of a heated 

stovepipe a wire on which a piece of 

*'ig. M. paper cut in the form of a spiral may 
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Whj a fire balloon riseAi Where ventilation 1b perfect. Oxygen. 

be suspended, as is represented in Fig. 46, the upward 
current of hot air will immediately put the paper in 
motion, and make it revolve rapidly around the wire. 

1360 When a hoy mdkea a firfhaUoon^ and sets fire to the cotton or 
sponge (which has been steeped in spirits of wine)^ why is the balloon inflated t 

Because the air of the balloon is expanded by the 
heat of the flame, and fills the balloon to its utmost 
capacity. 

1360 Why does the baUoon rise after it has been inflated by the expanded 
air t 

Because the same quantity of air is expaiided to three 
orfawr times its original volume / and made so much 
lighter^ that even when all the paper, wire, and cotton 
are added, it is still lighter than common air. 

1301 In what, situation is ventilation perfect t 

In the open air, because the breath, as it leaves the 
body, is warmer and liffhter than the surrounding fresh 
air, and ascending is immediately replaced by an in- 
gress of fresh air ready to be received by the next 
respiration. 

1362 Why is it desirahle to avoid breaking (he same air twice t 

Air which has been once respired, is unwholesome, 
and not suited to supply the wants of the animal system. 

1363 W hoi are the elements of atrnospheric air f 

Oxygen and nitrogen inijxed togethei*, in the propor- 
tion of seventy-nine parts of nitrogen and twenty-one 
of oxygen. 

136<4: Whai is oxygen t 

A gas^ colorless, tasteless, and odorless ; it is heavier 
than atmospheric air, and is a non-conductor of elec- 
tricity. 

1366 Is oxygen a substance existing in great abundance t 

Oxygen is the most abundant of all known substances ; 
it constitutes at least one third of the solid mass of the 
globe, eight-ninths of all water, and nearly one-fourth 
part of the atmosphere ; it also exists in most organic 
substances. 

1366 h oxygen ever found in a liquid or solid stale f 
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Use of oxygen in the air. Nitrogen, its properties and uses. 

No ; when pure it is only known in the gaseous state ; 
all efforts to reduce it to a liquid or solid condition by 
cold or pressure have completely failed. 

13G7 Of what use is oxygen in the atmosphere f 

It sustains animal life and supports comhustion. 

1368 If an animal were immersed in oxygen gas, would it continue to 
Uvefor atimef 

It would,' at the same time animal life could not be 
sustained for any great length of time in an atmosphere 
of pure oxygen. 

1S6G WhxU is meant when it is said thai oxygen *^stistains lifef^ 

It means this : if a person could not inhale oxygen, 
he would die. 

1370 What good does this inspiraii(m of oxygen do f 

1. It gives vitality to the blood ; and 

2. It IS the caicse of animal heat. 

1371 What is nitrogen? 

An irmnsiMe gas existing largely in atmospheric air, 
and in most animal and vegetable substances. 

1373 What are its principal characteristics f 

1. It is not comhvstihle y 

2. It does not support a/nimal life / and 

3. It is the principal ingredient in the composition 
of ai/mospheric air, 

1373 Whal proportion of the air we breathe is composed of nitrogen t 

About four 'fifths of the air is nitrogen ^ the other 
one-fifth is oxygen. 

1374: Why is there so much nitrogen in (he air f 

The uses of nitrogen are in a great measure unknown. 
It has been supposed to act as a diluent to the oxygen^ 
but it most probably serves some useful purpose in the 
economy of animals and vegetables, the exact nature of 
which has not been discovered. 

1376 What would be the effect if the proportion of oxygen in the atmo- 
sphere were increased f 

The infiammahility of most substances would be in- 
creasedj fires would burn out very quickly, and the 
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functions of life would be called into such rapid action 
as to soon exhaust the powers of the system. 

1370 Are the two gas&% oxygen and nitrogen^ existing in the aimch 
sphere^ chemicaUy combined^ or merely intermingled? 

They are merely mixed^ and not combined with each 
other. 

1377 Does the atmosphere always contain any other ingredients besides 
oxygen and nitrogen t 

There is always in the air, at all places, carbonic add 
gaSy in variable proportions, and watery vapor, besides 
the odoriferous matter of flowers and other volatile 
substances. 

1378 What is carbonic acid gas f 

A gas formed by the union of carbon and oxygen j 
it used to be called Jlxed air. Its chemical com- 
position is one atom of cai'bon united to two of 
oxygen. 

1370 Is the air collected on the tops of high mountains^ over marshes 
in hospiUjdSf and over deserts^ the sarrve in cJiaracter and composition t 

It is not found to varVj but is the same in all regions 
of the earth and at all altitudes. 

1380 Are the component parts of air, oxygen, nitrogen^ carbonic acid, 
and watery vapors, of different specific gravities, or do they all differ in 
weight f 

They are all different^ carbonic acid gas being the 
heaviest. 

1381 Then, as we have before stctted that they are merely mixed, and 
not combined, why do they not arrange themselves in the order of their densi- 
ties, and float one upon the other, aa oU and wcUer do when mingled f 

Because of a wonderful principle or law of nature, 
that when two gases of diflferent weights or specific 
gravities are mixed together, they cannot remain sepor 
rate^ as fluids of different densities do^ but diffuse them- 
selves uniformly throughout the whole space which 
both occupy. 

1383 Carbonic acid is twenty times heavier than hydrogen gas ; if we 
fill the lower part of a taU jar with carbonic acid, and the upper part with 
hydrogen, will the two gases mix f 

After a few hours the two gases will be found eqitaUy 
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Carbonic add gas in the atmosphere. 

mingled^ as much carbonic acid being at die top of the 
jar as at the bottom. 

1383 Does this law appear to be opposed to the principles of the law of 
gravitaiion f 

It appears to be opposed to it / the only exception we 
are acquainted with in the natural worlcf. 

1384 How much carbonic acid is estimaied to exist in the atmosphere f 

\ About one part in two thousand^ hy volume. 

1385 If this were all collected in one layer over the surface of the eartht 
how great a thickness wovM this layer or stratum have t 

About thirteen feet. 

1386 Can we breathe carbonic acid t 

No y the animal immersed in it dies instantly. 

1387 If then, this singular law of the diffusion of gases did not prevail^ 
toovJd the surface of ilve earth be habitable f 

It would not^' carbonic gas would fill up all the 
valleys and lower levels, separating every hill and ele- 
vation by an invisible ocean of poisonous gas, as im- 
passable as the barrier between the dead and the 
living. 

1388 Is it owing to this law that we are enabled to enjoy and perceive 
at a distance the odor of a ftower-garden^ or the perfume which has been 
opened in an apartment f 

It is by this law that a vapor, arising by its own 
elasticity from a volatile substance, is caitsed to extend 
its influence and mingle with the surrounding atmo- 
sphere, until its effects become so enfeebled by dilution 
as to be imperceptible to the senses. 

138G If the oxygen and nitrogen of which our atmosphere is composed 
were combined together^ instead of being merely mingled^ what would the 
compound bet 

X mo^t deadly poison. 

1300 What gas is generated by a lighted candle or lamp f 

Carbonic acid gas — ^formed by the union of the carbon 
of the oil or tallow with the oxygen of the air. 

1301 Under whai circumstances does carbon most readily unite with 
oxygen? 

1. When its temperature is raised : thus, if carbon 
be red hot, oxygen will most readily unite with it ; 
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2. Carbon in the hlood unices readily with oxygen 
durinff respiration ; aiid 

3. Carbonic acid is formed in larse quantities diu'ing 
the chemical changes which we G*dK fermentation. 

13Q8 Is carbonic add in any degree wholesome f 

Ifoj it is fatal to animal life, and (whenever it is 
inhaled) acts like a narcotic^ poison, producing di'owsi- 
ness, wnich sometimes ends in death. 

13G3 When persons commit suicide by building a charcoal fire in a 
closed roonij whai occasions their deaih t 

The inhalation of carbonic acid, which is generated 
by the combustion of the charcoal. 

13G4 JBow can any one know if a place be infested with carbonic acid 
gast 

If a pit or well contain carbonic acid, a lighted candle 
(let down into it) will be instantly extinguished. The 
rule, therefore, is this : where a candle will hum^ a inan 
can live / but v^Jiat will extinguish a candle^ will also 
destroy life. 

1396 Why does a crowded room produce headache f 

Because we breathe air vitiated by the crowd. 

1306 Why is the air of a room viiicUed by a crowd f 

Because it is deprived of its due proportion of oxy- 
gen, and loaded with carbonic acid. 

1307 Hmv %8 the air of a room affected thus by a crowd t 

The elements of the air inhaled are separated in the 
lungs ; the oxygen, incorporated in the blood, forms 
carbonic acid ; and the carbonic acid (together with 
the nitrogen) is thrown back again by the breath into 
the room. 

1308 Is all the nitrogen rejected by the lungs t 

Yes; all the nitrogen of the air is always expired. 

1300 How much oxygen does a full-gr&wn person consume per hour t 

It is calculated that an adult of average size absorbs 

* A narcotic is a substance which, when used as a medicine, relieves 
pain and produces sleep, but in poisonous doses produces death. Opium, 
laudanum, tobaocOt etc., are narcotics. 
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about a cubic foot of oxygen per hour by respiration, 
and consequently renders five cubic feet of air unfit for 
breathing, since every five cubic feet of air contain one 
cubic foot of oxygen. It is also calculated that two 
wax or sperm candles absorb as much oxygen as an 
adult. 

1400 To keep the air of a room purej how much fresh air should he 
aUotved to pass in per hour t 

Five cubic feet for each person^ and two and a half 
cubic feet for each candle^ should be allowed to pass in, 
and an equal quantity to pass out. 

1401 Why do persons in a crowded church feel drowsy t 

1. Because the crowded congregation inhale a large 
portion of the oxygen of the air, which alone can sus- 
tain vitality and healthy action ; and 

2. Tlie air of the church is invpregnated with carbonic 
amd ga^^ which (being a strong narcotic) produces 
di'owsiness in those who inhale it. 

1408 Why do persons who are much in the open air enjoy the best 
heaWi t 

Because the air they inhale is much more pure than 
the. air of close and confined rooms. 

1403 How does vegetation {trees and flowers) serve to purify the airf 

1. Because trees and flowers absorb the carbonic 
acid generated by the lungs of animals, putrid sub- 
stances, and other obnoxious exhalations ; and 

2. Trees and flowere restore to the air the oxygen 
which man and other animals inliale. 

1404 Why is the air of cities generaUy less pure than (he air of the 
open country t 

1. Because there are more inhabitants to vitiate the 
air; 

2. The sewers, drains, bins, and JUth of a city very 
greatly vitiate the air ; 

3. The streets and alleys prevent a free circulation ; 
and 

4. There are fewer trees to absorb the excess of car- 
bonic acid gas, and restore the equilibrium. 
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1406 Why are persons who live in close rooms and crowded cities 
generally sickly t 

Because the air they breathe is not pure, but is (in 
the first place) defective in oxygen^ and (in tlie second) 
is impregnated with carbonic acid gas. 

1406 Where does the carbonic add of close rooms and cities com* 
from? 

From the hiuffs of the inhabitants, the sewers, drains, 
and other like places, in which organic substances are 
undergoing decornpodtion. 

1407 What becomes of the carbonic acid generaied in crowded cities t 

It is gradually diffused through the air, absorbed by 
vcjgetation and by water, and wafted by the winds to 
different localities. 

l-4:OS Does not this constant diffusion of carbonic acid affect the purity 
ofihewJioleairf 

No ; because it is wafted by the wind from place to 
place, and absorbed in its passage by the vegetable world. 

14:00 Whai is choke damp f 

Ca/rbmiio acid gas accumulated at the bottom of wells 
and pits, which renders thetn noxious, and often fatal to 
life. It is called choice damp, because it chokes (or suf- 
focates) every aniTnal that attempts to inhale it. 

It sufTocates without getting into the lungs^ by closing the glottis spas^ 
modicaUy. 

1410 Why is not this carbonic acid taken up by the air and diffused^ a*^ 
it is in cities f 

Because (being heavier than common air) it cannot 
readily rise from the well or pit ; and no wind can get 
to it to blow it away. 

By the chemical law of diffusion, a portion of the carbonic acid which 
accumulates at the bottom of wells and pits, is removed ; but in many 
cases this abstraction is more than counterbalanced by an increased 
supply. 

1411 How much carbon in the form of carbonic acid passes through the 
lungs of a healthy person every twerUy-four hours f 

The quantity would be very accurately represented 
by a 7nass of charcoal of the weight oi'Jifteen ounces. 

The volume of carbon in the atmosphere, although it forms but one per 
cent of the carbonic acid existing in it, exceeds in amount all the carbon 
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that is stored in the earth in the form of coal, or spread over its surface in 
the form of animals or vegetables. 

1413 What are the chief sources of carbonic a/M t 

ComJyastion^ respiration of men and animals, the 
deeomposition of organic suhstances^ and the exhalations 
of voleaTwes. Carbonic acid also exists in large quan- 
tities in the atmosphere, in most waters, and combined 
with minerals in a solid state, as in marble, which con- 
sists of lime united to carbonic acid. 

14:13 From which of these sources is carbonic acid most likely to accu- 
mulate to a noxious extent t 

From the fermentation ^nd putrefaction of decaying 
vegetable and animal matters. 

141<4: How can Viis accwmulation of carbonic acid be preventedf 

By throwing quicklime into places where such fer- 
mentation and putrefaction are going on. 

141C How will quicklime prevent the accumulation of carbonic acid t 

Quicklime will absorb the carbonic add^ and produce 
a combination called " carbonate of lime." 

1410 Does not heavy rain^ as well as quicklime, prevent the accumula- 
tion of carbonic acid t 

Yes / an abundant supply of water will prevent the 
accumulation of carbonic acid, by dissolving iV 

1417 Is the extamal air always in motion f 

Some portion of the atmosphere is always in motion. 
Currents of warm air ascending, and currents of cold 
air descending. 

1418 Is the air of our rooms always in motion t 

Yes ; there are always two currents of air in the 
room we occupy; one of hot air flowing out of the 
room, and another of cold air flowing into the room. 

141Q How do you know that there are these two currents of air in 
&very occupied room f 

If I hold a lighted candle near the crevice at the top 
of the door, the flame will be blown outwards (towards 
the hall) ; but if I hold the candle at the bottom of 
the door, the flame will be blown inwards (into the 
room). 
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This is not the case if a fire be in the room. "When a fire is lighted, 
an inward current is drawn through aJX the crevices, 

X430 Why wmild the flame he blown outwards (towards the hdO) if a 
candle he held ai the top of the door t 

Because the air of the room being heated, and con- 
sequently rarified, dscends, and (floating about the 
upper part of the room) some of it escapes through the 
crevice at the top of the door^ producing a current of 
air outwards (into the haW). 

14S1 Why wovXd the flame he blown inwards (into (he room) if the 
candle he hdd at the bottom of the door f 

Because a partial vacuum is made at the hottom of 
the room^ as soon as the warm air of the room has 
ascended to the ceiling or made its escape from the 
room ; and the cold air from the hall rushes under the 
door to supply the void. 

1<4:SS What is meant by a partial vacuum being made at the bottom 
of the room f 

It here signifies a place from which the air has been 
taken y' and a "partial vacuum" means a place from 
which a part of the air has been taken away. Thus, 
when the air near the floor ascends to the ceiling, a 
partial vacuum is made near the^^. 

X4i33 And how is the vacuum fitted up again t 

It is filled up by colder air, which rushes (under the 
door^ and through the window crevices) into the rdom. 

1424 Give me an iUusiration. 

If I dip a pail into a pond and fill it with water, a 
hole (or vacuum) is made in the pond as hig as the 
pail / but the moment I draw the pail outj the hole is 
jllled up by the water around. 

1<4:26 Show how this iUustraiion applies. 

The heated air which ascends from the bottom of a 
room is as much taken away as the water in the pail, 
and (as the void was instantly supplied by other water 
in the pond) so the void of ai/r is. supplied by the air 
around. 

1<4:136 Why is a room {even without a fire) generaMy warmer than th4 
tpem airf 

10 
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Because the air in a room is not svl^ect to much 
change, and Boon partakes of the Bame temperature aa 
our bodies, when it no longer feels cold. 

14B7 Why do we gaienmyfeel aAder ovJrof-doiyn Bam iti-doorj/ 

Because the air (which surrounds us) is always 
changing ; and as fast as one portion of air has become 
warmer by contact with our body, another colder ^por- 
iioti surrounds us, to absorb more heat. 

1488 Why i» Ihert oJtoay* a drangM thnnigh Ihc viinSow crariees t 

Because the external air (being colder than the air 

of the room we occupy) rushes through the window 

crevices, to aupply'the defici^ney caused by the escape 

of warm air up the chimney, etc. 

3.4S8 Why, ifAoi t« fttnile a fire in a tkrve or graie, doeg the tmeke 
tacend Vie chimney t 

When a fire is lighted to warm a room, the smoke 
and other gaseous products of combustion, being lighter 
tlian the air of the room, ascend, and soon fill the chim- 
ney with a column of air lighter, bulk for bulk, than 
a column of atmospheric air. 

1430 Is the calamn of light air in Ihe chimney preased up by a colwim 
Iff equal tiznm the exlerior of the chimney t 

It is. 

1431 What, then, i» Ihe draught of 
a chimney t 

It is the rate or speed with 
which the column of cold air 
outside the chimney pushes 
up the colnran of warm air 
inside the chimney, and this 
draught will be strong and 
effective just in the same 
proportion as the column of 
air in the chimney is kept 
warm. 

Fig. 47 represents a section of a 

grate and chimncj'. C D represents 

^ the light and warm column of air with- 
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Hey. The columo A B being cold and heavy presa^down, the column 
t) being light and warm rushes up, and the greater thediReKDce between 
the weight of these two coIuiqt.b, the groator will be tho draught. 

1439 Eote da chimneys jfuiaten Ike axent nf hot air t 
By keeping a long column of it together. A column 
of two feet nigh rises, or is pressed up, with twice as 
much force as a column of one foot, and bo in propor- 
tion for all other lengths — ^just as two or more corks, 
Btruug together and immersed in water, tend upwarda 
with proportionalDly more force than a single cork. 

In a chimney where one foot in height of the eolumn of hot air ia ona 
ou:.ce lighter than the same bulk of eitemal cold air. if tho chimney bo 
one undred feet high, tho air or Bmoke in it is propelled upwarda with 
a fore of one hundred ounc«g. 

143. Jb vihat ia Ihe drmighl of a chimney in aS caatt •proporUoatd tot 

With Huf&cient fire, to the length of the chimney, 

1434 Why are Ikt (Mmaej/i of large mami/aeloriea jreneraJf]/ very 
bight 

A long chimney cauees a current 
of air to pass through a fire very 
rapidly, and at the same time very 
uniformly. On these accounts, for the 
firea of steam-engines, etc., long chim- 
neys are preferrea. 

1430 When the temperatare of the air in a room 
and of ihe air oattide are ihe lame, wiB there It any 
draught tip the chimney t 

There will he no draught. 

1438 When there is no fire inttove or grale, and 
the air of a room u warmer than the air oaiaide, viiH 
there be a circuiaiion ap and doom Ihe chimtiey f 

In such cases there will generally be 
two currents, up and down the cnim- 
ney, especially if the doore and win- 
dows of the room be tight. The warm 
air of the room will ascend througli the 
chimney, and tho cold air descend by 
the side of it, two currents readily cir- 
culating through one tube. The direc- 
tion of the arrows, in i'tg. 48, will show fu, «. 
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the lines of the ciirrent, descending the chimney and 
circulating round the apartment. 

1437 Why does an apartment often ameU disagreeably of soot in sum- 
mer-Ume f 

Because the air in the chirrmey (being colder than 
the air in the a^rtmervC) descends into the room^ and 
leaves a disagreeable smell of soot behind. 

1438 How ought chimneys to he constructed f 

A chimney should be constructed in such a way 
that the flue or passage will gradually contract from the 
bottom to the top, bemg widest at the bottom, and the 
smallest at the top. 

1430 Why is it eocpedient to construct a chimney in this rnanner f 

At the base of the chimney, the hot column of air fills 
the entire passage; but as the hot air ascends it 
gradually cools and contracts, occupying less space. It*, 
therefore, the chimney were of tne same 'size all the 
way up, the tendency would be, that the cold external 
air would rush down to fill up the space left by the con- 
traction of the hot column of air. This action would 
still farther cool the hot air of the chimney and 
diminish the draught. 

1440 Why wiU a long chimney smoke^ unless (he fire he pretty fierce f 

Because the heat of the fire will not be sufficient to 
rarefy aU the air in the chimney. 

1441 Why will the chimney smoke^ unless the fire he fierce enough to 
hecU aU the air in the chimney-fiue f 

Because the cold air (condensed in the upper part of 
the flue) wiU sink from its own weight / and sweep 
the ascending smoke hack into the room. 

1442 Whai is the use of a cowl upon a chimney-pot f 

It acts as a screen^ to prevent the wind from blowing 
into the chimney. 

1443 WTiat harm would the wind do if it were to hlow into a chim- 
ney? 

1. It would prevent the smoke from getting out; 
tfid 

2. The cdd air (introduced into the chimney by the 
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wind) would faU down the jfAie^ and drive the sinoko 
with it into the room. 



Why do some chimneys smoke f 

Because fresh air is not admitted into a room as fast 
as it is consumed by thejire y in consequence of which 
a current of air rushes down the chimney to supply the 
deficiency^ driving the smoke along with it. 

1446 Why do blowers^ when placed be/ore a graiej (end to kindle (he 
firet 

A blower is a sheet of iron that stops up the space 
above the grate bars, and prevents any air from enter: 
ing the chimney except that which passes through the 
fuel and produces combustion. This soon causes the 
column of air in the chimney to become heated, and a 
draught of considerable force is speedily produced 
through the fire. Tlie increase of draught increases the 
intensity of the fire. 

1446 • Which is (he hottest part of a room f 

The upper part, near the ceiling. The warm air 
being the lightest seeks the highest position. 

1447 Which is. the coolest part of a room f 

The lowest part, near the floor. Cold air being dense 
and heavy seeks the lowest position. 



By which means is a room better veniHatedj by opening the uppef 
or the lower sash t 

A room is better ventilated by opening the upper 
sash / because the hot vitiated air (which always a^ 
cends towards the ceiling) can escape more easily. 

1440 WhoA temperature is most proper for keeping an apartment in 
a healthy andpleaaant condition during the cold season f 

From 65° to 70° F., with a free ventilation. 

1460 Eow are houses and other buildings heaied with hot air t 

The fire is kindled in a furnace which is erected in 
the cellar. This fire heats the air in contact with it in 
the air-chamber^ as it is called, and as heated air 
always ascends^ it is forced up into the different apart- 
ments of the building. 
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1461 Which would prove ihe warmest upon a bed — a blanketj or an 
oUed siUc, or Indies-rubber air-tight covering t 

The air-tight covering. 

1468 Why do we not use oiled siOc or Indiorrubber bed coverings in 
the winter f 

fiecanee thev prevent ventilation^ and, by Bbutting 
in the insensible perspiration, soon produce dampness. 

1463 WhjoiismMheJ 

Small j)article8 of carbon separated by combustion 
from the fuel, but not consumed, 

1464 Is (here a circulation of the air through the bed coverings aJL 
night f 

Yes ; from everv part of the bed-clothes immediately 
over the person there is a constant outwa/rd oozing of 
warm air, and ^n oozing inwards of cold air in lower 
situations around. 



In wJuU two ways is heai communicated to apartments by fires 
kepi in them t 

By radiation and immediate contact 

The first portion passes through the air in divei^ng lines with great 
velocity. The second penetrates slowly through the substance of the 
densest bodies. To emoy the full effect of radiated heat, we must be in 
the presence or sight of the radiating object. To receive conducted heat, 
we must be in contact, either directly or through some intervening me- 
dium, with the body that imparts it 



Does a person who sits by afire in the open air receive any heai 
by condvdiion t 

Very Utile; for the air which surrounds the fire 
having nothing to confine it, ascends hy its diminished 
specif gravity as fast as it is warmed, and its place is 
immediately supplied by strata of cold air from beneath. 

1467 WHl a person sitting beside a fire in Ihe open air be exposedf 
upon (he side of his body removed from (he fire, to additional coldf 

He willj because cold currents rush in from every 
side towards the fire. 



Why are open fireplaces %U adapted for the economical heating 
of apartments t 

In an open fireplace the air fiows from the room to 
the fire, becomes heated, and passes off directly into 
the chimney, without having an opportunity of parting 
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with its heat for any useful purpose. In addition to 
this, a quantity of the air of the room, which has been 
warmed by radiation, is uselessly carried away by the 
draught. 

1469 What are the advantages of a stove over an open fireplace t 

1 . Being detached from the walls of the room, the 
greater part of the heat produced by combustion is 
saved. The radiated heat oeing thrown into the walls 
of the stove, thev become hot, and in turn radmte hecU 
on aU sides to tne room. The conducted heat is also 
received by successive portions of the air of the room, 
which pass in contact with the stove ; 

2. The air being made to pass through the fud^ a 
small supply is suflicient to keep up the combustion, so 
that little need be taken out of the room ; and 

3. The smoke, in passing off by a pipe, parts with 
the greater part of its heat before it leaves the room. 

1460 WluU are the disadvantages of stoves f 

Houses containing them are generally ill ventilated. 
The air coming in contact with the hot metal surfaces 
is rendered impure, which impurity is increased by the 
burning of the dust and other substances which settle 
upon tne stove. The air is, in most cases, kept so dry 
as to render it oppressive. 



Upcm whai principle are the common hot-air furnaces for vxirmr' 
ing hottses constructed t 

A stove^ having large radiating surfaces^ is inclosed 
in a chamber (generally of masonry). Tliis chamber 
is generally built with double walls, that it may be a 
better non-conductor of heat. A current of air from 
without is brought by a pipe or box, and delivered un- 
der the stove. A part of tnis air is admitted to supply 
the combustion ; tlie rest passes upwards in the cavity 
between the hot stove and the walls of the brick cham- 
ber, and, after becoming thoroughly heated, is con- 
ducted through passages in which ite lightness causes 
it to ascend, and be delivered in any apartment of the 
house. 
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1432 In Ihe construciion and arrangement of a furnace for warming^ 
what two points are of special importance, so far as regards ihe economy of 
fu^lf 

1. The perfect combystion of the fuel ; and 

2. TKe best possible transmission of all the heat 
formed, into the air that is to pass into the rooms of 
the house. 

1463 How is (he first of these requisites obtained f 

By having a good draught and a fire-box which is 
hroad and shaUow^ so that the coal shall form a thin 
stratum ; by which arrangement the carbonic acid gas 
will be freely fonned, ana pass off without a previous 
production of an imperfectly burnt product. 

1464 How is the second of these requisites attained t 

By providing a great quantity of surface in the form 
of pipes, drums, or cylinders, through which the smoke 
ana not eases must pass on their way to the chimney, 
and to wnicli their heat will be imparted, to be in turn 
delivered to the cold and pure air of the rooms of the 
house. 



CHAPTEE II. 



COMBUSTION. 



1466 Whai is combustion t 

Every species of combustion with which we are 
familiarly acquainted is the rapid cJiemicdl union of the 
oxygen of the air with a combustible body, attended 
with the evolution of light and heat. 

1466 How may combustioUj as we ordinarily see «<, be regarded f 

It may be regarded as simply o. process of oxidation* 

1467 What do we mean by the term oxidation t 
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The combination of some substance with oxygen, — • 
or the act of combining with pxygen. 

14:68 Is (here not always an increase in weight during (he combustion 
of inflammable rrmterioUs^ rather than a loss t 

The products of combustion always exceed the weight 
of the original substance buraed, by an amount equal 
to the weight of the oxygen gas absorbed during the 
combustion. 



Wlwi becomes of (he oxidized products of combustion t 

They for the most part combi7ie with oxygen to form 
gases and vapors. We apply to these products the 
general term smoke. 

1470 Whai is an essential requisite to every process of combustion f 

That there should be a Jree supply of air^ and that 
the products of combustion, or the smoTce^ should be 
conducted off. 

1471 Wfty, when we bum a candle or a piece of wood in the air^ does 
there always seem to be a loss of matter t 

Because the results of combustion in these cases are 
either gases or vaporSy the existence of which, not being 
apparent to common observation, requires to be made 
known by experiment. 

Until nearly the close of the last century it was generally believed and 
taught, that when a body was burned, something went out of it, — that it 
lost weight. Lavoisier, a celebrated French chemist, overthrew this doc- 
trine by burning a substance in connexion with an arrangement whereby 
all the results or products of the combustion were saved. These on 
being weighed showed a gain rather than a loss, the amount being equal 
to the quantity of oxygen which had been absorbed from the air duiing 
the process of combustion, by the burning substance itsel£ 

14:7S How is heat evolved by combustion t 

By chemical action. As latent heat is liberated, 
when water is poured upon lime, by chemical action, 
80 latent heat is liberated in combustion by chemical 
action also. 

1473 Whal chemical action takes place in combustion f 

The elements of the fuel combine with the oxygen of 
the air. 

1474 WJuU is the temperaiure required to induce the combination of 
oxygen with any substance called t 

10* 
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The burning point 

1476 la this point difererU/or difererU substances t 

It is : thus phosphorus will combine slowly at Y7° F., 
but- does not enter into rapid combustion until the tem- 
perature is raised to 104° F. Charcoal burns slowly 
oelow a red heat. 

1476 Is the qvant'Uy of heai given out, when a body combines thinly 
with oxygen, the same as when it combines rapidly with it^ (he rdaiive 
(quantities of (he combining bodies remaining the same in both cases f 

The total quantity of heat given out is the same^ 
whether the combustion takes place slowly or quickly : 
but in the case of slow combustion, the heat is mucn 
less intense, and often becomes insensible, because 
during the long time occupied in combination the 
greater part is carried away by conduction. 

1477 Is (he quantity of UgM given oui the same^ wheOwr the combus- 
tion be rapid or slow t 

No : the quantity of light given out during the com- 
bination of oxygen with a given quantity of a com- 
bustible body varies greaUy^ according to the rapidity 
of the combustion. 

1478 What is rust t 

The oxidation of iron in moist air. 

1479 When iron rusts in the air is hecU given out? 

Certainly ; but the process of rusting takes place so 
slowly that the amount of heat given out at any one 
time is imperceptible to our senses. 

1480 Whatisflamet 

Burjiing gas or vapor, 

1481 What is fire f 

HeaJt and light produced by the combustion of in- 
flammable suistances. 

1482 Wliat does the brightness or iUuminaiing power of flame depend 

fnt 

It depends on the degree of heat in part, but mainly 
on the presence or absence of solid particles in tlie 
flame, wnich may act as radiating points. 

1483 Are there solid particles in every illuminating flame t 
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There are / and if we present a cold surface to the 
flame, they oecome deposited on it in the form of soot. 

X484: When we say a lamp smokes^ whai do we mean f 

That ihe solid parts of the flame are passing off in an 
nnconsumed state. 

I486 When 1hejiam/e hums properly^ why does the smoke cease to Jm 
trmUedt 

Because the solid particles of carbon constituting the 
smoke are burned t/p, or are completely united with 
oxygen, forming an mvisible gas-— carbonic acid. 

1486 From what source is (he carhoru, constituting the illuminating par' 
tides in the one case and the soot in the other , derived f 

It was originally a part of the lywming or condmstible 
body. 

1487 WTienwiU a flame smoke t 

"When the supply of oxygen received from the air is 
insufficient to consume all the ca/rbon which the heat 
separates from the combustible body in the form of 
soot. 

1488 Whai benefit arises from surrounding a flame mth a glass cyUn- 
der or chimney open at the bottom and top t 

When a flame burns without a chimneiy, the hot air 
radiates in all directions / but when it is surrounded 
by a chimney, the hot air is confined within the walls 
of the cylinaer: consequently, tlie hot air will issue 
rapidly from the top of the chimney, and cold air will 
enter equally fast at the bottom to replace it. In this 
way a constant current of fresh air is kept up through 
the centre of the flame, causing a more perfect com- 
bustion, and a brighter and stronger flame. 

148Q Why in solar and astral lamps do we use a hoUow or circviar 
wickt 

In order that a current of air may rusn up through the 
interior surface of the flame as well as aiong the exterior. 

14eO Whatisfudt 

Any substance which serves as alirrj^Ttt or food for 
€re. In ordinary language we mean by fuel the pecu- 
liar substance of plants, or the products resulting from 
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their decomposition, designated under the various names 
of wood, peat, and coal. 

1401 Wfiat are the constituents of wood f 

Carbon^ hydrogen^ and oxygen^ combined together, 
make up the chief part of its bulk ; all wood also con- 
tains water. 

14ei3 Whai 18 hydrogenf 

' It is an inflarninableacLa^ one of the elements of which 
water is composed. The gas used in our streets is in 
great part hydrogen. Hyc&ogen, when pure, has neither 
taste nor odor. 

1403 Whai are the pecvliar characteristics of hydrogen gas t 

1. It is the lightest of all known substances ; 

2. It will bum immediately on being ignited ; and 

3. A lighted candle (immersed in this gas) will be 
instantly extinguished. 

14Q4 Whai is carbon? 

A solid elementary substance^ generally of a dark or 
black color, well known under the forms of charcoal^ 
lamjpblaclc^ coke^ etc. 

1406 What is charcoalf 

Wood which has been exposed to heat until it has 
been deprived of all its gases and volatile parts. 

1406 Can aU animal and vegetable subsianceSy by partial bn/ming^ b$ 
converted into coalt 

They can. 

14S7 In the charring of animal and vegetable substances^ do we gene- 
rate charcoal^ or did it exist there before f 

The carbon or coal existed there previously^ though 
in chemical combination with other bodies, which are 
principally driven off by heat, as is apparent from the 
fact that a charred body weighs much less than the 
original substance ; animal and vegetable substances 
consist, therefore, in part of coal. 

1408 What is soot f 

Coal in a state of minute division^ which is deposited 
from the flame of bituminous or pit-coal, wood, oil. 
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IIow charcoal is prepared. What is mineral coaL 

resin, etc., when, during the combustion of these sub- 
stances, there is an insufficient supply of air. 

1409 How is charcoal prepared f 

By charring wood in mounds or pits, covered with 
turf or soil in such a way as to exclude in a great degree 
the admission of air, and thus prevent complete com- 
bustion. 

1600 What is mineral or hard coal t 

Coal is tlie product of a vast accumulation of vege- 
table matter, deposited during a remote geological 
period in beds or layers in the earth, and which, by the 
action of pressure, heat, and other causes, has become 
consolidated and hardened into its present form. 

1601 Ebw does the coal occur in the earih t 

In strata or layers, varying from a few inches to 
several feet in thickness, inclosed between other strata 
of limestone, clay, or iron ore. 

ISOS In what rruinner is it supposed thai (his great a/xumuUxtion of 
vegetable material took place t 

The vegetable matter of which coal is composed is 
supposed, by some, to have grown in immense swamps 
or marshes. By othere, the vegetable matter is sup- 
posed to have been swept down hy rivers^ and deposited 
at tjfieir mouths or estuaries in immense beds. 

1S03 Are such a/xumvlatians of vegetable matter^ Virough (he agency 
of rivers^ going on at the present day f 

At the present time the Hed River of Tegcas is abso- 
lutely chohed up with a raft composed of trunks of 
trees and other vegetable maMer^ many miles in extent, 
and of unknown thickness. Other rivers of the South- 
western United States bring down vegetable materials 
annually, sufficient for the production of vast Beds of 
coal. 

1604 How do we know that coal is aU vegetaUe matter t 

Because in every coal mine we find the lea/ves^ 
trwnhs^ and fruits of trees in immense numbers, many 
of them in a most perfect stais of preservation / so 
much sOy that tJie botany of the coal period can be 
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Btndied with nearly as great ease and facility as the 
botany of any given section of the present surface of 
the earth. 

1606 WhcU occasions (he difference between bituminous and anOiraciU 
eoait 

Bituminous coal contains a large amount of bitumen 
and other pitchy volatile substances which readily 
ignite and bum with smoke and flame. In anthracite 
coal these substances have been driven out ; it is there- 
fore a purer variety of carbon, and burns without smoke 
or flame. 

X506 Are (he deposits of coal of very great extent t 

They are ; mineral coal exists in all t/ie great divi- 
sions of the eaHh, The largest deposits of coal, how- 
ever, occur, in the United States, in Pennsylvania and 
the Valley of the Mississippi. 

1507 Why will not stones do for fuel cts well as coalt 

Because they contain no hydrogen, and little or no 
carbon. 

1508 Of what are oHy iaUoWj and wax composed t 

Principally of carbon and hydrogen gas. The solid 
paii; is carbon, the volatile part is hydrogen gas. 

1CS09 At what period of tJve year does wood containthe greatest amount 
ofwaiert 

In the spring and summer^ when the sap flows freely 
and the iimueuce of vegetation is the greatest. 

1610 Why is wood generally cut in the winter season? 

Because at that season there is but little sap in the 
tissues, and the wood is drier than at any other period. 

1611 Why is it difficult to inflame coal or hard wood with the blaze of 
arruxicht 

CboZ and hxirdwood on account of their density are 
good conductors, and carry off the heat of the kindling 
substance, so as to extinguish it, before they themselves 
become raised to the temperature necessary for their 
combustion. 

1618 Why is it easy to ignite light fuel with a smaU blaae f 

Light fuel being a slow conductor of heat kindles 
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easily^ and, from the admixture of atmospheric air in its 
pores and crevices, bums out rapidly, producing a com- 
paratively temporary, though often strong heat. 

1513 In recently cwt woodj what proportion of its weight is tvcUer f 

From one-jifih to Qnerhalf. 

1614 After wood fws been dried in the air for ten or twelve montha, 
how much water does it usttaUy contain f 

From twenty to twenty-Jwe per cent 

ICIS Why do we caU some woods hardj and others soft t 

This distinction is grounded upon the facility with 
'^ which they are worked^ and upon th^ir power oi pro- 
ducing heat. Hard woods, as the oak, beech, wafnut, 
elm, and alder, contain in the same bulk more solid 
fibre, and their vessels are narrower and, more closely 
packed than those of the softer kinds, such as pine, 
larch, chestnut, etc. 

161Q How many pounds avoirdupois are there in a cord of dry^ hard 
wood? 

From forty four hundred pounds in a cord of diy 
hickory, to twenty-six hundred in a cord of drj'-, soft 
maple. 

1517 What is the mx)st valuable wood for fuel f 

The varieties of hickory ; after that, in order, the 
odk^ the aj^le-tree^ the white-ash^ the dog-wood^ and the 
l>eech, 

1618 What woods give out the least heal in burning t 

The white-pine^ white-birch^ and pcpla/r. 

151d Why is it unprofitable to bum green wood or wet coal f 

It is a well-known law of heat that the evaporation 
of liquids^ or their conversion into steam, consumes or 
renders latent a great amount of caloric. When green 
wood or wet cod are added to the fire, they abstract 
from it by degrees a sufficient amount of heat to con- 
vert their own sap or moisture into steam before they 
are capable of being burnt. As long as any consider- 
able part of this fluid remains unevaporatei, the com- 
bustion goes on slowly, the fire is dull, and the heat 
feeble. 
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X620 Is there any truth in Ihe rcTnark often made " thai U is Konomy 
to him green wood because it is more durable, and therefore in the end more 
cheap t" 

No / it is true that tho consumption of green wood 
is le%8 rapid than dry, but to produce a given amount 
of heat, a far greater amount of fuel must be con- 
sumed. 

1621 In ordinary fud, whai three eiements enter into ihe process of 
wnibustion f 

Hydrogen gas^ carbon^ and oxygen gas; the two 
former in the fuel, and the latter principally in the air 
which surrounds the fueL * 

1622 Whai chemical changes in air and fuel are produced by comr 
bustiont 

1. Some of the oxygen of the air, combining with the 
hydrogen of the fuel, forms vapor of water : and 

2. Some of the oxygen of the air, combinmg with the 
carbon of the fuel^ forms carbonic acid gas. 

1623 Why is there more smoke when fresh fud is added than when the 
fuel is red hot t 

Because more carbon and volatile matters are sepa- 
rated from the fuel than can be reduced hy comhicstion / 
and the surplus flies off in smoke. 

1624 Why is there so little smoke with a red-hot fire f 

Because the entire surface of the coals is in a state of 
combustion ; and, as very little of the escaping carbon 
remains unconsumed, there is but.little smoke. 

1626 When a coal fire is lighted, why are paper and wood laid at the 
bottom, against the grate t 

That the flame may ascend through the fuel to heat 
it. K the fire were kindled from the topy the flame 
would not come in contact with the fuel placed below. 

1626 Why do we cover up afire with ashes or cinders to preserve it t 

The covering of ashes or cinders protects the fire 
from the action of the air, and when fuel is deprived of 
air it ceases to bum. 

1627 Why does afire bum so fiercely in windy weather t 

Because the air is rapidly changed, and affords 
plentiful nourishment to the fire. 
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WI17 water extingnisbefi a fire. Cause of the heat of a dnnghilL 

16S8 Why does a pair of bellows aid in kindling afire t 

Because it d7*ive8 the air more rapidly to thef/re^ and 
the plentiful supply of oxygen soon makes the fire bum 
intensely. 

3.6S9 WJiy does water extinguish afiref 

1. Because the water forms a coating over the fuel, 
which keeps it from the air ; and 

2. The conversion of water into steam draws off the 
heat of the burning fuel. 

1530 Why does a blast of air from a pair of beUows often extinguish a 
red-hot coal of anthracite t 

Because the cold air absorbs the heai of the coal so 
quickly that it extinguishes it. 

1531 Why can you not light a candle or lamp with a match so long as 
the sulphur on the end of it is burning t 

The chemical reason for this well known fact is, that 
the stdphurous acid^ formed by combustion of sulphur 
in the air, surrounds the wick, and abstracts the oxygen 
from the air, by passing to a higher state of oxidation ; 
and this heavy vapor hangs about the wick and excludes 
the air. 

1C38 Cannot wood be made to blaze without actuaJ contact with fire t 

Yes ; if a piece of wood be held near the fire for a 
little time, it will blaze, even though it does not totcch 
thejvre, 

1C33 Why wiU wood blazCj even if it does not touch the fire t 

Because the heat of the fire drives out the inflamr 
vfwble gas of the wood, which gas is ignited by contact 
with the red-hot coals. 

1634 What causes the heat of fire t 

The canrbon of fxcel (when heated) combines with the 
oxygen of the air^ and produces carbonic acid gas. 
Again, the hydrogen of the fuel combining with other 
portions of oxygen, condenses into water i by which 
chemical actions heat is evolved, 

XCS36 Whence does the heat of a dunghiU arise t 

As the straWj etc., of the dunghill decays, it under- 
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goes fermentation, which produces carbonic acid gas / 
^nd heat is evolved through a species of combustion. 

1636 On what does the intensity o/Jire depend f 

Tlie intensity of fire is always in proportion to the 
quantity of oxygen with which it is suppUed. 

1687 Why does stirring a dviUfire serve to quicken it f 

Because it breaks up the compacted cinders and 
coals, making a passage for the air into the very heart 
of the fire. 

1638 Why is the flame of a candle extinguished when blown by the 
hreaih, and not made more intense^ like afire t 

Because the fiame of a candle is confined to a very 
small wick, from which it is severed by the breath, and 
(being unsupported) mtcst go out. 

163d When a chimney with an open fireplace gets on fire, and bums so 
as to endanger the house, how may it at once be eoUinguished t 

By throwing a quantity of brimstone or sulphur into 
the fire, and dosing up ihefureplace with a fireboard or 
screen. The sulphurous acid soon fills the chimney, and 
taking up all the oxygen from the contained air, ex- 
tinguishes the fire. Even the fire, after it has extended 
into the woodwork of the house, may be extinguished 
by this simple method. 

1640 Fire in a chimney may be also extinguished by closing the top of 
the flue with a damper : how does this extinguish theflre f 

It cuts off the draughty and the carbonic acid gene- 
rated by the combustion soon puts an end to the fire. 

1641 Whai is m^ant by spontaneous combustion f 

Combustion produced without contact with Ji/re or 
flame, 

154S Give 7ne an example of spontaneous combustion. 

Oiled cotton and rags imbued with any drying oil* 
when packed in mass in a barrel, take fire, after a time, 
at ordinary temperatures. Mixed lampblack and lin- 
seed-oil cake take fire at ordinary temperatures, if the 
lampblack is in excess, or a portion of it is dry. 

1S43 Whai is generally the cause of spontaneous cSbmbustion f 

The absorption of oxygen. Porous bodies, that are 
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at' the same time bad conductors of heat, by the 
absorption of oxygen may become red hot, and hnally 
burst into a flame. 

1C44 Is pine charcoal capable of taking fire at an extremely low tem- 
perature t 

Porous bodies, like pine charcoal, when perfectly 
dry, absorb oxygen rapidly from the air, and take fire 
at a temperature below 212° Fahrenheit, or the boil- 
ing-point of water. 

This has been proved by actual experiment, a piece of light pine char- 
coal taking fire on a surface of sheet iron, heated below the boiling-point 
of water. 

XCS46 Why are not oiSLflmMS equally luminous t 

In all flames, the light is mainly emitted from mi- 
nute particles of matter, intensely heated, and floating 
in the burning gas or vapor ; and hence a flame con- 
taining few such particles, will emit but a feeble light, 
even though its temperature is very great. 

1646 Upon what fad does the production of artificidt light depend t 

Upon the fact that at certain high temperatures all 
matter becomes luminous. 

i647 In order thai we may profitably uffe a combustible body for xUu- 
minaUng purposes, what is required of the products of the combustion f 

That thej should be volatile, and freely escape from 
the immediate vicinity of the illuminating centre. - 

1648 TJie product of aUthe ordinary form^'of coTnbustion is a gas — 
carbonic acid : what would have been the resuU if the product of every oofinr 
tmstixm had been a permanent soUdt 

The world would have been buried beneath its ovm 
ashes. 

1649 Why is the flame of an ordinary fire yellow t 

Because the heat is not sufficient to render the car- 
bon white hot. Increase the intensity of combustion, 
and the color of the burning bodies or the flames rises 
from red to yellow, and from yellow to white. 

1660 A candle burns when lighted : explain how this is t 

The heat of the lighted wick decomposes the tallow 
into its elementary constituents^ hydrogen and carbmi. 
The hydrogen is nrst consumed as a gas by itself with 
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an almost imperceptible liglit, but with a powerful 
evolution of heat; this causes the carbon, simultane- 
ously eliminated, to become incandescent and conse- 
quently luminous. 

1C61 As more carbon is successively eliminated, what becomes of it f 

The moment the incandescent floating carbon comes 
to the edge of the flame, it finds the oxygen of the air, 
unites with it^ and becomes converted into the invisible 
gaSj carbonic acid^ while its place is occupied immedi- 
ately by another portion of solid carbon. 

X662 What if there is not sufficient oxygen to consume (he carbon t 

It then passes off as soot^ and we say the candle 
smoTces, 

1663 Where is the tallow or wax of a candle decomposed t 

In the wick. The melted tallow or wax rises up the 
wick by capillary attraction, and is rapidly decom- 
posed by the heat of the flame. 

1664 Of what three parts does the fiamc of every lamp or 
candle consist t 

The flame of every lamp or candle consists 
of three cones. The innermost cone (a, JFtg. 
49) consists of gaseous matter produced by the 
decomposition of the tallow ; this is at a tem- 
perature below redness. Around it is the lu- 
minous cone {b\ consisting of burning hydro- 
gen, in which tne particles of carbon float at a 
white heat; and on the very outside {c\ a 
thin, hardly-perceptible veil in which carbon 
is burning. The veil is of a blue color, most 
plainly seen at the bottom of the flame. 

1666 Which is the hottest part of the flame t 

The jpale blue flame / this marks the point where 
the combination of the oxygen, supplied from without, 
with the combustible matter evolved from the interior 
takes place. 

166Q Why does the flame of a candle point upwards t 

Because it heats the surrounding air, which (beimj 
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Fig. 49. 
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hot) rapidly ascends^ driving the flame upwards at the 
same time. 

1557 Why does the hand, hdd above a candle^ suffer more from heai 
ihan when it is placed below ihie flame, or on one side of it t 

Because the hot gases ami air (in their ascent) come 
in contact with the hand placed ahove the flame ; but 
when the hand is placed bdow the flame, or on one 
side^ it only feels heat from radiation. 

1668 Why is not the wick of a candle consumed t 

The wick, although it is blackened by the heat, is 
prevented from consuming, merely because it is sur- 
rounded by inflammable va/por^ so that the oxygen of 
the atmosphere has no access to it. 

1660 Why do aU closed lamps require a smaU hole in the top? 

To admit the air ; otherwise the pressure of the 
atmosphere will prevent the oil from ascending the 
wick ; if the hole be obstructed, the oil will sometimes 
overflow from the expansion of the confined air. 

1660 Why do we use ground-glass globes for lamp shades f 

To relieve the eye from the glare of light. Ground- 
glass shades have the effect to disperse the rays by the 
numerous reflections and refractions which they occa- 
sion ; until at length the light issues fi-om all parts of 
their surface, and it appears as though the glass itself 
were the luminous body. 



CHAPTEE III. 

RESPIRATION AND NUTRITION. 
1661 Whai is respiration t 

The act of inhaling air into the lungs, and again 
iicpdlvng it. 
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Combustion s form of respiration. Constrdction of the longs. 

IXiQQ What is ike obQect of drawing air into (he lungs and again exp^ 
ling Uf 

To oxidize the carbon and hydrogen of the blood. 

16B3 We receive into the lungs oxygen trough (he Tnedium of the ainuh 
sphere^ mingled mih nitrogen : whai do we expel from the lungs t 

The nitrogen returns unaltered; the oxygen unites 
with the carbon of the blood to form a gas — carbonic 
aeidy and with hydrogen to form the vapor of water. 

1664: Are not (heae (he same products of every ordinary form of com- 
bustion t 

They a/re / therefore respiration or breathing is but 
a form of combustion, 

1S6£S R is estimated thai a man receives into his system about eight 
hundred pounds of oxygen from the atmosphere in a year^ hut his weight cU 
the end of the year lias increased but litUe^ or not at all: whai become of aU 
this oxygen f 

No part of it remains in the body, but is given ovi 
againy combined with carbon and hydrogen. 

1666 How much carbon passes out of the system of an adtdt man by 
the agency of respiraiion daily f 

About jifieea ounces. 

1667 Bow is this great abstraction ofm^Ueriaifrom (he body made up t 

By the food which we eat 

1668 What are the lungs f 

Lungs are made up of bloodvessels imbedded in a 
fleshy substance whicn we denominate ceUvlar tissue^ 
and expanded over the walls of a series of chambers or 
cavities. 

They are so situated in the thorax (or chest) that the air must enter 
into them whenever the cavities of the thorax are enlarged. The process 
of breathing is performed thus : When we inhale, the thorax (or chest) 
is expanded ; in consequence of which a vacuum is formed round the 
lungs, and the heavy external air instantly enters (through the mouth and 
throat) to supply this vacuum. 

When we exhale, the thorax contracts again; in consequence of 
which it can no longer contain the same quantity of air as it did before, 
and some of it is necessarily expelled. When this expulsion of air takes 
place, the lungs and muscular fibres of the windpipe and gullet contract in 
order to assist the process. 

1660 7b wJiat may the mec?ianism of (he lungs in respiration be con^ 
pared? 

To the action of a bellows. 
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Keoessity of cleanliness. Color of the blood. 

1S70 Bo we respire or absorb and expel oxygen in any other way ihan 
through the lungs f 

We breathe also in a degree through the pores of 
the skin, absorbing oxygen and expelling carbonic acid. 

167X Do extensive bums on (he surface of (he body frequenUy produce 
diseases of the lungs f 

They do. 

1073 Why should extensive burTis on thi surface of the body tend to 
produce diseases of the lungs f 

Wliile in a condition of health, the skin tranquilly 
aids the lungs in the expulsion of carbonic acid from 
the body ; but the portion of the skin which has been 
scorched by an extensive bum, no longer being able to 
perform that function, the lungs are obliged to assume 
an extra duty^ and suffer as a consequence of their 
exertion. 

1673 If by neglect of washing^ we suffer the skin to become covered with 
impurities, do we not distierb the healthy action of the system f 

We do / there is no better-established law of health, 
than that the surface of the whole body should be kept 
clean, and free from all impurities. 

1C74 If the carbon taken from the system through the agency of the 
kings be not 9 estoredj what is the consequence f 

Starvatiofi ensues. 

1.676 How does the oxygen we inhale mingle with the blood f 

The oxygen of the air is absorbed in the lungs by the 
bloody and imparts to it a bright red color. 

167S Bow does oxygen convert the color of blood into a bright red f 

The coloring matter of the blood is formed by very 
minute globules floating in it. The oxygen uniting 
with these globules changes their color to a bright red. 
The blood contains iron^ and this metal is supposed to 
play an important part in the coloration of the blood. 

1677 What color is the blood before it is oxidized in the lungs f 

A dark purple / the oxygen turns it to a bright redx 

1678 Bo pUinJts respire as well as animals f 

They do / and their leaves may be regarded as per- 
forming for them similar offices as the lungs of aniniaU. 
They are the breathing organs of plants. 



286 SCIENCE OF COMMON THINGS. 

How water plants parify the water. Cause of animal heat. 

1670 Is there any difference bettveen the respiration of plants and 
animals t 

The process of respiration in plants is exactly the 
reverse of that in animals. Animals absorb oocygen^ and 
give oiU carbonic acid; plants, on the contrary, absorb 
carbonic acid^ and retwm oxygen, 

1CS80 U is estimated that the population of London adds to the atmo- 
sphere daHy 4,600,000 pounds of carbonic acid : how is this immense quan- 
tity of deleterious gas removed from the aimosphere f 

Principally through the agency of plants, which 
absorb it. 

1681 Do waier-plants purify and free water from carbonic acid in the 
same manner that land-plants purify the atmosphere f 

The respiration of fishes produces carbonize actd^ and 
anless this is removed from the water, animal life will 
cease to exist in it. Water-plants absorb the carbonic 
acid from the water, and restore the oxygen. 

1682 During bright weather^ the leaves of waier-plants, it wiU be no- 
ticed^ are covered with little bubbles : what are these InMles f 

Oxygen gas, liberated by the organs of the plant. 

1G83 JR is good policy, in fountains and reservoirs of watery to free 
them whoUy from the presence of vegetable and animal organisms t 

It is not : they are both dependent on one another, 
and the joint action of the two serves to keep the water 
pure and wholesome. . 

1684 What is the coMse of animal heaif 

The oxygen of the atmosphere, received into tlie blood 
in the lungs, and circulated throuahout every pa/rt of 
the animal body, acting upon the elements of the food, 
is the chief source of animal heat. 

1686 Why does oxygen received into the blood produce Tieai f 

Through the medium of the capillary vessels oxygen 
absorbed from the atmosphere unites with carbon and 
hydrogen. Tliis union is a species of combustion, and 
produces heat in the same manner as when oxygen 
unites with fuel in an ordinary fire. 

1686 What are the capillary vessels f 

Minute bloodvessels or tvhes as stooR as hairs run* 
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Why no heat in the hair. Two kinds of blood, Tenons and arterial. 

ning aU over the hody ; they are called capillary from 
the Latin word capillarisy " like a hair." 

1687 Do ikese capiUary vessels run aU over the human hody t 

Yes. Whenever hlood fiows from, a wound^ some 
vein or vessel must be divided : and as you can bring 
blood fix)m any part of the body by a very slight 
wound, these little vessels must run through every part 
of the human frame. 

1688 How do hydrogen gas and carbon gel into these very smdU 
vessels f 

The food we eat is converted into blood, and blood 
contains both hydrogen and carbon, 

1680 Does (his combustion^ and the consequent production of animal 
heatf take place in every part of the hody f 

In the animal body, heat is produced only in those 
parts to which arterial hlood^ and with it the oxygen 
absorbed in respiration, is conveyed, 

1690 Why is there no heat developed in Jiair, wool, and feaihers f 

Because they receive no arterial hlood^ and therefore 
in them no heat is developed. 

l&dl What two kinds of blood are (here in (he animal hody f 

Arteriul blood and venous blood. 

1602 WfuU is the difference between the two f 

The arterial blood going from the lungs conveys the 
oxygen which it has absorbed in the lungs to the capil- 
lary vessels. In these the combustion takes place, and 
the color of the blood changes from a bright to a dark 
red color. 

1603 Whcd becomes of (he blood after it has given up its oxygen to (he 
hydrogen and carbon in the capiUary vessels t 

It enters the veins, carrying with it the products of 
combustion. The venous blood passes to the lungs^ 
throws off the products of combustion, absorbs more 
oxygen, becomes converted into arterial blood, with 
a renewal of color, and is again returned into the 
system. 

1694 What becomes of (he carbonic acid gas formed in the human 
blood t 

11 
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Whj s dead body is oold. Why we perspire. 

The lungs throw off almost all of it into the air^ by 
the act of respiroMon. 

1606 i)oe8 the heai of the ktiman body arise from Ike same cause at 
(he heai of fire f 

Yes^ precisely. The carbon of the hlood combines 
with the oxygen of the ai/r inhaled^ and produces ea/r- 
honie acid gas^ which action developes heat. 

1606 If animal heai is produced by combustion^ why does not fht 
human body bum up like a coal or candle f 

It actually does so. Every muscle, nerve, and organ 
of the body actually wastes away like a burning candle f 
and (being reduced to air and ashes) is rejected from 
the system as useless. 

16&7 If every bone^ muscle^ nerve^ and orga/n is thus consumed by com' 
bustionj why is not (he body entirely consumed? 

It would be so, unless the parts destroyed were per- 
petually renewed ; but as a lamp will not so out so long 
as it is supplied with fresh oi\ neither will the body be 
consumed so long as it is supplied with sufficient food. 

1608 Whai is the principal difference between the combustion of a fire 
or lamp^ and that of the human body t 

In the human body, the combustion is effected at a 
much lower temperature, and is carried on more slowly^ 
than it is in a lamp or fire. 

16SS Why is a dead body coldf 

Because air is no longer conveyed to the lungs after 
respiration has ceased; and therefore animal beat is 
no longer generated by corribicstion. 

X600 Why do we perspire when very hot t 

The pores of the body are like the safety-valves of a 
steam-engine ; when the heat of the body is very great, 
some of the combustible^atter of the blood is tnrown 
off in perspiration, and the heat of the body is thereby 
reduced. 

1.0OX Why does exercise make us warm f 

Because we inhale air more rapidly when we exer^ 
CISC, and cause the blood to pass more rapidly through 
the lungs in contact with it. 
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X602 Why doM inhaUng air rapidly make ike body fed warmf 

Because more oxygen is introduced into the body ; 
in consequence of wnich the combustion of the blood is 
nuyre ramdy the blood itself more heaiedy and every 
part of tlie body is made warmer. 

1603 When a man is starved v>?iai part of ike "body goes first f 

First the fat, because it is the most combustible; 
then, the muscles; last of all, the brain ; and then the 
man dies, like a candle which ie burnt out 

1604: Wky does a man shrink when starved? 

Becaiise the capiUary ji/re% feed upon the human 
T>od/y when they are not supplied with food-fuel. A 
starved man shrinks just as a fire does when it is not 
supplied with fuel. 

1605 Wha$is/Uelofthebodiff 

Food is the /uel </ the body. The carbon <f the 
food^ mixed with the oxygen </ the air^ evolves heat 
m the same way that a lire or candle does. 

1606 Why does hard work produce hunger f 

Because it produces quicker respiration ; by which 
means a la/rgefr amount of oxygen is introduced into the 
lungsj and the capiUary cofrwuetion increased. Hun- 
ger is the notice (given by our body) to remind us that 
o\kx foodrfud must be replenish^. 

X607 Why do persona feel lazy and averse to exercise when (key are 
haJf'Starved or iUfed f 

Because desire for muscular action ceasee when the 
body is not supplied with nutritious food. 

1603 Why do we Wee strong maai and greasy food when ike weaiher 
is very coldf 

Because strong meat and grease contain lar^e pro- 
portions of carbon and hydrogen, which (when burned 
m the blood) produce a larger amount of heat than any 
other kind of food. 

1609 Why are ike EsguimauaC so passionaidy fond of train oil and 
whale Uubber t 

Because oil and blubber contain large quantities of 
carbon and hydrogen, which are exceedingly combus* 
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AettTitj disagreeable in warm weather. 



tible ; and as these people live in climates of intense 
oold^ the heat of their bodies is increased by the greasy 
nature of their food. 

XBIO Why do we fed lazy and a/verse to adimty in very hot voeaJlher f 

Because muscular activity increases the heat of our 
body by quickening respirationy and lessens our desire 
for active exertion. 

IQll Bcno much mare carbon do we Qvrov) off from the system by res^ 
raiion in winter than in summer f 



Full one-^hth more. 
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PAKT vn. 

LIGHT, AKD HOW WE SEE. 
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CHAPTER I. 

HATUBE AND LAWS OF LIGHT. 

_ • 

1618 TTirough what agency alone are we enabled to emjcy the sense of 
9ightt 

Through the agency of h'ght. 

1613 What is light f 

Light is now believed to be caused by the agitation, 
vibrjation, or undulation of an elastic fluid which is sup> 
posed to occupy and pervade all space. TVe call this 
supposed fluid ether, and its undulations or vibrations, 
reaching the eye, affect the optic nerve, and produce 
the sensation which we call light. 

. 1614 What analogy is ihere between the eye and (he ear f 

The vibrations or undulations of the etJier pass alon^ 
the space intervening between the visible object and 
the eye in the same mcmner that the undulations of the 
air, produced by a sounding body, pass through the 
air between this body and the ear. 

1616 If we coUed a large qvantity of light in one point by means of a 
glassj and throw it upon the most' sensitive balance^ does it indicate any per- 
ceptOile weight t 

, It does not^ in the slightest degree. 

1616 Whai are the chief sources of light f 

The sun^ the stars^ fire or cormihustion^ electricity^ and 
phosphorescence. 

1617 With what velocity does Ught move through space f 
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Telocity <if light* "Whj Bome enrfaoes are brilliant and others dnlL 

With a velocity of one hundred and ninetyrtwo thovr 
8cmd miles in a second of time. 

1618 Does oS Ughi travd equally fast f 

Yes ; the light of the sun, the light of a candle, or 
the light from nouses, trees, and fields. 

161d Bow long a Ume does ii require for light to pass from the sun to 
ihe earth f 

Eight minutes and thirteen seconds. 

1680 How much time is required for a ray of Ughi to traverse the 
space intervening between the nearest fixed stars and the earth f 

More thanihree years ; and from the farthest nebulsd 
hundreds of years will be required. 

16S31 Whaij (herefbre, would he the consequence if one oj (he remokb 
fixed stars were Uhday " blotted from, the heavens f " 

Several generations of tlie earth would pass away 
before the obliteration could be known to man. 

1Q88 In whaJt mamner do ihe moon and the planets give Ughi t 

They shine onlv by means of the sun^s lights which 
is reflected from tneir surfaces. 

1683 Where does the Ughi of houses^ trees, and fields come from? 

The light of the sun (or of some aitificial light) is re- 
flected from their surfa^ces. 

1684: Why are some surfaces brilliant (Uke glass and steet^ and oiherM 
dull, like lead f 

Those surfaces which reflect the most light are the 
most brilliant ; and those which absorb light are duU. 

1626 ffow does (he vdodty of light compare with the speed of a hcfh 
motive f 

Light passes from the sim to the earth in about eight 
minutes ; a locomotive engine, travelling at the rate 
of a mile in a minute, would require upwards of one 
hundred and eighty years to accomplish the same 
journey. 

1686 ffow does the Ught ofihefuU moon compare with thai of (he sunt 

It is estimated to be three hummed thousand times 
weaker than sunlight. 

1687 The velocity of light is demonstrated by observaiions on the 
sateUiies of Jupiter, Will you captain how this can be proved? 
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TelocJ t; at ligbt determined from obumtloDB od JuplMr'e utallllM. 

Tlie earth revolves around tlie sun in an orbit of 
wliicli the suu is the centre. We are able to calculate 
the exact time when an observer standing in the centre 
of the eai'th'a orbit, — that is, in the sun, would see an 
eclipse of Jupiter's satellite ; but a8 the earth moves 
round the sun in its orbit, it is bi'ooght at one time 
ninety-five million of miles nearer Jupiter than the sun 
is, and at another time it is carried nincly-fivc millions 
of miles further off. Now, wlien the earth ia nearest 
to Jupiter, the eclipse takes place eiglit minutes in 
advance of the calculated time, and when it ia iiinotv- 
five millions of miles fartlier off, tlie eclipse occurs cigat 
minutes later than the calculated time. Tliia delay is 
occasioned by the fact, that in the one case the light 
coming from the satellite to the earth has to traverse a 
much greater distance than iu the other; and if the 
light requires eight minutes, or 480 seconds, to move 
over 95,000,000 of miles, it will require one second to 
move over 19T,000 miles, or, with more exact data, 
■ 192,000 miles in one second. 



The eiplanaticHi above pven will be made clear by reference to tho 
fbllowing diagtam, Fig. 60. S repreBents the aun, a b the orbit of the 
cartb, and T T tbe pc^iion of tlie earth at diObront and opposite points 
of ita orbit J'reprcsenta Jupiter, and E, iCa satellite, about to be eclipsed 
bj passing within the shadow of the planet Now the time of the com- 
Dienceraent or Icrmiuation of an eclipse erf the satellite, aa stated from 
calculation in tables, is the inatitut at wliich tlio satellite would appear to 
enter or emerge from the shadow, (f it could be seen by an oljserver from 
the sun, S. If tlie transmission of light were instantaneous, it is obvious 
t^t the light coming from Jupiter's satellite, E^ would be seen at the 
same moraent at the points T, Sand T. But repeated observation shows 
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How s andtitade of persons see tUe same otjeet Shadows. 

that the eclipse takes place eight minates earlier than the calculated 
period wlven the earth is in the nearest point of its orbit, as at I^ and 
eight minutes later when she is in the opposite part of her orbit, as at T\ 
the difference in the distance of these two points from Jubiter being 
190,000,000, of miles. 

1688 Wky can a thousand persona see ihe same object ai the sarne 
Umef 

Because it throws off from its surface an infinite 
number of rays in all directions ; and one person seea 
one portion of these rays, and another person another. 

1639 Why can toe not see (he stars in the day-time t 

Because the light of the sun is so powerful that it 
eclipses the feeble light of the stars ; in consequence 
of which they are invisible by day. 

1630 In what manner is lighi propagated t 

In right lines from every luminous point, every such 
line being called a ray of light. 

1631 WluU do we mean by a pencil of 
Jighif 

A collection of radiating lines 
or rays, as seen m Fig. 51. 

1638 What is darkness f 

The absence of light 

1633 What is a shadmv t ^^'^^' 

A shadow is the name given to the comparative 
darkness of places or objects, which are prevented by 
intervening things from receiving the direct rays of 
some luminous body shining on the objects around. 

1634 Why cannot loe see through a crooked tube as well as through a 
straight one t 

Because light moves only in straight lines. 

1636 What is the philosophy of taking aim vnth a gun or arrow t 

In taking aim with a gun or arrow, we proceed upon 
tlie supposition that light moves in straight lines^ and 
try to make the projectile go to the desired object as 
nearly as possible by the path along which the light 
comes from the object to the eye. 

1636 Why does a carpenter look along the edge of a plank to see if it 
is straight f 
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Mirrors. Beflection of light locideDce and reflection. 
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If the edge be straight and uniform, the light from 
all points of the edge will come to the eye regularly 
and tmifbrmly ; if irregularities, however, exist, they 
will cause the light to be irregula/r^ and the eye at 
once notices the confusion and the point which occa- 
sions it, 

87 Whai is a vmrrcr t 

Any substance reJlecUng light. The term is gene- 
rally applied to glass covered on the back with quiet 
silver. 

1638 When UglUfaMs upon a hody^ in what three ways may U dispose 
ofUsdff 

It may be reflected^ refracted^ or absorbed. 

1639 WhoA do we mean when we speak of light being reflected f 

When a ray of light strikes against a surface, and Is 
caused to turn back or reboimd in a direction different 
Irom whence it pixweeded, it is said to be reflected, 

1640 Why do we see ourselves in a mirror f 

Because the rays of light from our face strike against 
the glass, and (instead of being transmitted) are reflect- 
ed, or sent back again to our eye. 

164:1 Why are (he rays of light reflected by a mirror t 

Because they cannot pass thrmigh the impenetrable 
metal with which the back of the glass is covered ; so 
they rebound back, just as a marble would do if it were 
thrown against a wall 

1642 When a marble is roUed towards a waU^ whai is ike pa(h 
through which it runs coiled f 

The line of incidence. 

1643 When a marble rebounds back again, whai is (he path it (hen 
describes called? 

The line of reflection. (See v 

Fig. 52.) 

If A B be the line of incidence, 
then B Pj is the line of reflection; 
and vice versd. 




When (he light of our face 
goes to the glass, what is (he paih 
rough iohicli it goes caUed t r<s- ^ 

11* 
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Lines of ineldenoe and reflectloii. Wby imagM appear inrerted in water. 

The line of incidence. 

1B46 TT^^ ^ lighi of ourfiux is reflected back again from ihs mtr- 
rw, whai ia this returning path called f 

The line of reflection, 

164:Q What is the angle of incidence f 

The angle between the line of incidence and the^per- 
j>endicidar. 

1647 Whai is (he angle of reflectiont 

The angle between the line of reflection and the per- 
pendicular. (^See Fig. 52.) 

Let F B C {Fig, 63) be any surface; D B a perpendicular to it If a 
marble were thrown from E to B, and bounded back to A, then E B D 
iwould be the angle of incidence, and DBA the angle of reflection. 

9 

164:8 Why does ihe image of any dbject in waler always appear in- 
vtriedf 

Because the angles of incidence being always equal 
to the angles of reflection, the light of the object, reflect- 
ed to our eyes from the surface of the water, comes to 
us with the same direction as it would have done, had 
it proceeded directly from an inverted object in the 
water. 

In Fig. 53, the light proceeding fitnn the ar- 
row-head, A, strikes tlie waterat F, and is re- 
N^y^ fleeted to G and that from the barb, B, strikes 
y/y the water at E, and is reflected toG. A speo- 

y/ tator standing at G will see the reflected 

''Xe.^^^I'^ lines, E G and F G, as if they proceeded di- 

rectly from C and D. Now we always judge 
of the position of an object according to the 
direction in which the rays of light repre- 
senting it come to the eye, and -for this 
rig. 68. reason the image of the arrow, A B, reflect- 

ed fix)m the sur&ce of water, appears to be 
kxsated at CD. It is also plain that A (the more elswjAed object) will 
strike the water, and be projected from it more perpendicularly than the 
point B ; and therefore the image will seem inverted. 





If we lay a looking-glass upon (he floor, with its face uppermost, 
and place a candle beside it, why wHl (he image of ihe candle seen in the 
mirror by a person standing opposite to the candle, seem as much below the 
svrface of (he glass as the candle itself stands above the glass f 

Because the incident ray coming from the top of the 
candle, strikes the surface of the glass, and is reflected 
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Whj the Imnge In > mirror Bcems behind the glau. 

in tlie same direction that a ray of light would have 
taken, had it really come from a candle situated ns 
much below tlie surface of the glass, as the first candle 
was above the surface. This fact will be clearly shown 
by referring to J^ig. 54. 




Flu. St. 
ISBO Why, when ipe look into a pla 
gUus) doa our image appear la he ai Ike 
of Que glass, a* we are lefore Ihe mrface t 

Because the lines and angles of incidence being 
always equal to tlie lines ana angles of reflection, the 
rays which proceed tmm each point of onr body 
before the mirror will, after reflection, proceed as if 
they came from a point holding a corresponding posi- 
tion behind the mirror ; — and therefore produce the 
same effect upon the eye of an observer as if they 
actually had come from 
that point. 

Fiw this reason our reSec- 
tioQ in a mlrroT seems to wp- 
pToach UB as we walk towards 
It, and to retire ftota us as we 

The whole subject of the re- 
flection of images being gene- 
ralljr of difficult comprehen- 
sion by roost persons, Fig. BB 
is introduced as a means of 
fiirthor explanation. 

l-et A be a part of an 
object placed belbre a loolcing- 
Klass M N. Let A B and A C 
be two rays diverging from it, 
and red xtei from B and C to 
an eye alO. After reQezi<ni lis. SI, 
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Peenliaritles of reflected light 



they will proceed as if thej had issued from a point a as far behiild 
the surface of the looking-glass, as A is before it — ^that is to say, the dis- 
tance A N will be equal to the distance a N. In seeing an object with 
the eye, we fix upon its position according to the direction in which the 
rays of light coming from it proceed, and do not take into acccomt the 
lact that the rays have been reflected from their original course.]^ 

1661 la the same quantity of light reflected at aU angles^ or incUna^ 
iioruf 

It is not : when the angle or inclination with which a 
ray of light strikes upon a reflecting surface is great, 
the amount of light reflected to the eye will be con- 
siderable ; when tne angle, or inclination is small, the 
amount of light reflected will be diminished 

1662 Why does a spectator^ standing upon (he hank of a rivets see (he 
images of the opposite bank^ and objects upon it reflected in the water^ but 
not the images of any near object t 

Because the rays of light coming from distant objects 
strike the surface of the water very obliquely, and the 
light reflected is sufficient to make a sensible impres- 
sion upon the eye, while the light proceeding from 
near objects strikes the water with little obliquity, and 
the light reflected is not sufficient to make a sensible 
impression upon the eye. 

This fact may be clearly seen by reference to Mg, 56. 




FigSfti 

Let S be the position of the spectator ; and B the position of distant 
objects. The rays R and B R which proceed from them, strike the 
surface of the water very obliquely, and the light which is reflected in 
the direction R S is sufficient to make a sensible impression upon tlie 
eye. 

But in regard to objects such as A placed near the spectator, they are 
not seen reflected, because the rays A R' which proceed from them strike 
the water with but httle obliquity ; and consequently, the part at their 



SCIENCE OF COMMON THINGS. 240 



Why windows blaze at sanoet 



light which is reflected in the direction R' S, towards the spectator, is not 
suflBcient to produce a sensible impression upon the eye. 

1663 Why do toindaiva seem to blaae at sunrise and sunset f 

Because glass is a good reflector of lights and the 
rays of the sun (striking against the window-glass) are 
reflected^ or thrown back. 

165'^ On a lake of water the moon seems to rruike a paih of lighi 
imuards {he eye of the spectator^ while aU the rest of tha lake seems dark: 
why is this t 

The reason of this appearance is that every little 
wave, in an extent perhaps of miles, has some part of 
its rounded surface with the direction or obliquity 
which, according to the required relation of the angles 
of incidence and reflection, fits it to reflect the light to 
the eye, and hence everv wave in that extent sends its 
momentary gleam, which is succeeded by others. 

1665 In a sheet of water at noon, the sun appears to shine upon only 
tme spot, and aU the rest of the water seems dark: why is (hist 

Because the rays fall 
at various degrees of 
obliquity on the water, 
and are reflected at 
similar angles ; but as 
only those which meet 
the eye of the spectator 
are visible, all the water 
will appear dark ex- 
cept that one spot. 

Here, of the rays S A, S B, 
and S C, only the ray S 

meets the eye of the specta- 

torD. Tho spot C, therefore. Fig. 67 

will appear luminous to the 

spectator D, but no other spot of the water ABO. 

1666 Why com we not see into the street or road wh^n candlee an 
Ughiedf 

1. Because glass is a reflector, and throws the candle- 
light hack into the room again ; and 

2. lie pupil of the eye (having become contracted 
by the light of the room) is too smaU to collect rayg 
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enough from the dark street to enable us to see 
into it. 

1S07 Why do we often see ihe fire reflected in our windows in winter' 
Umef 

Because glass is a good reflector^ and the rays of the 
fire (striking against the window-glass) cure reflected 
hack into the room again. 

If Iha shadow of an object be throton on a wdtt, (he closer (he object 

is held to the candle^ (he larger 



Vl 






Fig. 68. 



wiU be its shadow : why is thist 

Because the rays of 
h'ght diverge (from the 
flame of a candle) in 
straight lines^ like lines 
drawn from the centre 
of a circle. 

Here the arrow A, held close 
to the candle, will cast the 
shadow B F on a wall ; while 
the same arrow, held at C, 
would cast only the little sha- 
dow D E. 



1660 How do we judge of (he position^ distance^ and size of an object f 

We judge of the position and distance and size of an 
object by the relative direction of lines drawn from the 
object to tihe eye, and by the angle which the intersec- 
tion of these lines makes with tlie eye. This angle is 
called the angle of vision. 







^ 



Fig. 59. 



The student will bear in mind that an angle is simply the indination 
of two lines without any regard to their length. Thus, in Fig. 69, the 
inclination of the linea^ caused by rays of Mght proceeding from A and Bf 
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How we eetimftte the size and poeitlon of distant oljeots. 



and from C and i>, and meeting at the eye, forms an angle at the point 
of intersection, which is the eye. This angle is the angle of vision. As 
tke inclination of the ines proceeding from A and jB, and from C and i>, 
is the same, tlie angles will be equal, and the man and the bird will ap- 
pear of the same size. 

IBBO Why does a man on (he top of a mouviain or church-spire seem 
tt^heno larger ihan a crow / 

Because the angle made in onr eye by the jperpenr 
dicula/r height of the mem ^t that distance is no lai'ger* 
than that made by a crow close hy. 

Let A B (Fig. 59) be a roan on a distant mountain or spire, and (7 /> a 
crow close by, the man will appear only as high as the lino C 2), which 
is the height of the crow. For the same reason the trees and houses lar 
down a street or avenue appear smaller than those near by. 

1661 Why does the moon appear to us so much larger ihan (he stars, 
Ihough, in fad, it is a greai deal smaUer t ' 

Because the moon is very much nearer to vs than any 
of the stai'b. 





G 



rig. 60. 

Let A B represent a fixed star, and C D the moon. The angle of 
vision, A G B, which the fixed star, A B, makes with the eye is evidently 
less than the angle of vision, C G D, which the moon makes with the eye. 
But we judge of the size of a body by the size of the angle, and therefore 
the moon, which vs nearest and makes the greatest angle of vision, ap- 
pears the largest. A B, though much the larger body, will appear no 
bigger than E F; whereas the moon (CD) wiU appear as large as the 
line, C Df to the spectator, G. 

The moon is 240,000 miles fit>m the earth, not quite a quarter of a 
million of miles. The nearest fixed stars ard 20,000,000,000,000 (that ia, 
twenty billions). 

166d Why does (he moon {which m a sphere) appear to he a fitxt sur- 
fo/cef 

Because it is so far off that we cannot distinguish any 
difference between the length of the rays issuing from 
the edge and those which issue from the cent/re. 
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Why objects In the shade seem dark. Telescopes. 




The rays A i? and C D 

appear to be no lon^r 

than the ray B 1) ; but i{ 

all the rays seem of the 

^ ^ same length, the part B 

will not seem to be nearer 
to us than A and C; and therefore ABC will look like a flat or straight 
line. The rays A D and (7 2) are 340,000 miles long. The X9j BD\& 
238,910 miles long. 

1B63 An object in the shade is not so hrighi and apparent <u an otjed 
in the sun : why is it not f 

Because objects in the shade are seen by reflected 
light reflected ; that is, the light is twice reflected; 
and, as the rays of light are always absorbed in some 
measure by every substance on which they fall, and 
also scattered by irregular I'eflections, therefore in the 
two reflections much light is lost, and the object is seen 
with less distinctness. 

Part of the rays are absorbed, and part are scattered in all directions 
by irregular reflections ; so that rarely more than half are reflected, even 
from the most polished metals. 

1664k Why is it light when the sky is covered with thick cUmds f 

Partially because the sun's light is transmitted 
through the clouds, and partially on account of the 
multiplied reflections of lightin tne atmosphere. 

1665 What is the use of telescopes f 

Tliey gather together the rays of light, and a greater 
number are thus brought to tlie eye. 

1666 Ebw can these rays he gathered together f 

Rays of light diverge — that is, spread out in all direc- 
tions — ^from a luminous object. The number of thes6 
diverging rays which will enter the eye is limited by 
tlie size of the pupil. But before they reach the eye, 
they may be received upon a glass lens of a convex 
form, which will have the effect of collecting them into 
a space less in magnitude than the pupil of the eye. If 
the eye be placed where the rays are thus collected, all 
the light will enter the pupil. 

The light which produces vision, as will be more Ailly explained here- 
after, enters the eye through a circular opening called the pupil, which is 
the black circular spot surroundeil by a colored ring, appearing in the 
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centre of Die front oTthe eye. No", ~ the ra^s of light proceeding troat 
an object divei^ or spread out, the number nhich will enter the eye will 
be limited by the flisie of the pupil At a great distance Ihsn an object, 
as will be seen in Fig. BS, few rays will enter the eye; but ii^ as ia Fig. 
68, we place before Uie eye a piece of glaaa, called a lena, so constructed 
as to collect aU tlio diver^ng rays together, the ligiit will be concentrated 
at one point, and in suQiinent quanUty to enable us to see distinctly. 
1QQ7 Why do lelacopa triable ua (aaee ol/jecta iTtuHtWe to Ote naked 

Becanse tliey gather together more Inminoiia rays 
from ohBCure objectB than the eye caii, and form a briglit 
image of them m tlie tube of the telescope, where Oj 
means of lenses tliey are inagnitjed. 

138S When a skip {oal at aea) is approaching the shore, why do *Dt 
tee Ihe tmaa masis before vK me the bulky hulil 

BecanBe tlie eaHh is T&und; and the curve of the sea 
hides the hvU from our eyes after the tali masts have 
become vieible. 



ns H. 
Here only that part nf the ship above the line A R cnn be seen by the 
f^jectaljir, A ; the rest of the ship in hidden by llie swell of (lie curve P K 
The diminution of the me nf a Fihip seen «t sea, owing lo the convexity 
of the earth and the distance of the obgervur, ia also illustrated in Fig. 65. y/ 
leee WhiUaTiuaaibytheTtJTacliimoflightt 
Light travertes a givijo tratiBparent substance, such as 
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air, water, or glaee, in a straight line, provided no 
reflection occurs and there is no change of density in 
tlie composition of the medinm ; but when light poBses 
from <me medium into ancther^ or from one part of the 
game medium into another part of a different density, 
it is heni from a straight line, or refracted. 

[d Fig. 66, auppoae n m to reprraenC the but- 
s of water, and S b ray of light etrikinr 
on fl8 surface. When this ray S O enten 
I water, it will do longer pursue a straigbt 
irse, but will be refracted, or bent towards 
I perpeDdicular line, A B, as in the case of S O 
The denser the water, or other fluid, may 
. the more the ray 8 O H will be relhicted, or 
fb gg. lurued towalds A B. 



Bte properly of reacting light t 

YcB ; the more dense the air, the greater is its refrao- 
ii/ve power. 

1S73. Why doea On pari of a itick immened in the vxUer appear ietU 
or brokent 

The water and the air being of different densities, 
the rays of light proceeding from the part of the stick 
contained in the water are refratittd, or caused to deviate 
from a straight line as they pass from the water into 

I the air ; consequently that portion of tho- 
stick immersea in the water will appear 
to be lifted up, or to be bent iu such a 
manner as to Kirm an angle with the part 
out of the water. 
The bent appeujance of the stick in water is replo- 
sented in Fig, 67. For the same reason, a spomi in a 
glass of water, or an oar partially inunersed in water. 
Ba. V, alwajs appears bent. 
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137S WA^ (iMS a river aitoaya ojipear more BtuxUovi Hum it rtatty it 1 
Because the light proceeding from the bottom of the 
river is r^ractm, a& it emerges out of the water, and 
causes the bottom to appear elevated. 
1.373 ^010 mitch detper is a river than it teems label 
About one-third. If, therefore, a river seems only 
four feet deep, it is really six feet deep. 

Many pergoiiB get oot of their depth in batliing in conseqaence t^ Uiia 

The following dmple expert- 
menC illuglratea the effect of re- 
fraction: — Place a iUrer coin, 
m, at the iioltoni of a baain, Pig. 
68. The rays, i t, proceeding to 
the eye (tnm the silver surlace, 
render the coin visible. The ( 
point a, the eye, is then moved 
nnher back, so tliat the edge of 
the basin obstrncta tlie direct 
rays, and of course the coin ia 
no longer seen. If an otteoduut c w. ua 

carefully pours water into the 

baun, so that the object is not ny>ved, it will presently, as the water rises 
in the baain, become i^in visible. Tliis ariaen 1>om the refractum of Oit 
rays by the water, the imager indeed, appeartng at n instead of at m. 

1974 h a ray of tckiU light timpte or compound t 

Every ray of white light ia compounded of other rays 
o£ colored tiffM. 

107B Into hovi Toany porta may a ray of lighi be divided t 
Into three parts : Uim, yellow, and red. 
These three colors, by combination, make seven: 1, red; 3, orange (or 
red and yellow) ; 3, yeiiow ; 4, preen (or yellow and blue) ; 6, blue ; 6, in- 
digo (a Bliade of blue) ; and, T, vioiei (or blue and red). 

1S76 Mw it it lawwa VkU a ray of ligbl ameitts of aeoeral different 

Becanse if a ray of light be cast npon a triangular 

Siece of glass (called a prism), it will be distinctly 
ivided into seven colors : 1, red ; 2, orange ; 3, yel- 
■ low ; 4, green ; 5, blue ; 6, indigo ; and, 7, violet. 

1677 Why doet a pritm divide a ray of ligM into varitfus cotora t 

Because all these colors are refracted, or bent out of 
their course differently. Red is refracted least, and 
blue tlie most ; therefore, the Vme ray will be bent to 
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the top of tbe prism, and the red will remain at the 
hotiom. 



Tliiaseparaliooofa ra3fof solar light into different colore, by refbction, 
Is ivpreacnt<d in f^g. 69. A ray <^ %ht, S A, Eb. admitted tlin>ut;li an 
aperture in a winds w-Hliutt«r intn a darkened cbambcr, and caus»j to fall 
on a prism, P. The ray thus entering would, if allowed to pasa unob- 
Etmoledly, have movl^d in a straight line to tho point S, on the floor of 
tlie room ; but the prism being so placed that the ray may enter and quit 
ft at equaJ angles, it will be refracted in such a manner as to Ibrm on the 
opposite side of tho mom an oblong image called the solar spectrum, 
divide*) horiHDiilally into seven colored spaces or bands of unequal extent, 
succeeding each other in the order represented : red, orange, ytUaw, green. 
Hue, indigo, viokL 

197S Are (A* colored rays, once teparated and refracted fivm Ou 
prinn, eapable of being anahptd by r^aelio* again t 

They are not, aiid are hence designated as prima/ry 
cohra. 

1879 If the teven different erilara as leparated by Oit prima bt again 
eoBecUd U>gelker, tohal w^ Oiey fiirmt 
White light. 

1.S80 lb tvliat ii Oie gredt britt'oncg of the diamond ajid oOier prexioia 

To their power of refraciinff light ; they are also 
artificially cut in such a manner as to fnrm a series of 
prisms, wl\ich separate the rays of light falling on 
them into their component colored rays. 

1681 Whatiiarainb<mjr 

Tlie rainbow is a semicircuiar hand or arc, coinpoaed 
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of the different colore, generally exliibited upon Hie 
cIoudB during the occurrence of rain in sunshine. 

If we take a. elasa globo QUcd witU water, and suspend it at a certain . 
height in tlie solar rays above the eje, a spectator slandiDg with hia back 
to Uie sun will see the refraction and reflection of red light ; H then, the 
globe be lowered slowly, tha observer retaiaii^ his position, the red light 
will be replaced hy orange, and this in its turn by yellow, and so on, the 

Sloho at different heighlH presenting to the eye tlie seven primitive colors 
I succession. If now, in the place of the globe occupying diflbrent posi- 
tkma, we substitute drops of water, wo have a ready explanation of tha 
phenomena of the rainbow. 



I.'it A, B, BJid Cbe three drops of rain; S A, S B, and S C, three rays 
of the sun. S Aia divided into three colurs ; the blue and yellow are 
bent about the eye, D, and the red enters it 

The ray, iS ^ is divided into three colors ; the blue is l>ent ahove the 
eye, and the red falls btbnii the eye, D, but the yeUow enters it 

The ray, 3 C, is also divided into the three colors. The blue (which ia 
bent most) enters the eye; and tlie other two fall below it. Thus tha 
eye sees the blue irf C, and of all drops in the position of C; the yellow 
of £, and of all drops in the position of B; and the red of Jl, and of ell 
drops in the positton of A ; and thus it sees a nunbow. 

less Whatittheoaasiimoflhtrai'sbowt 
The rainbow is produced \>y the refraction ana re- 
JlecUon of the solar rays in the dropa oi falling rain. 

1083 What are the condiliims nicegsary in order Uiai we may set a 
raiabomt 

The rainbow can be seen only when it rains, and in 
that point of the heavens which is opposite to the aun. 
It IB oecesBarj also that the bud should not have too 
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No two penoDS see the same rainbow. Formation of two rainbows at tiie same time 

great an aUitiAde above the horizon. Hence, within a 
certain interval each day, no visible rainbows can be 
formed, on account of the sun's high altitude above the 
horizon. 



How do we know ihat the rainbow resuUsfrom the decomposition 
of the eoHa/r rays by drops of w€Uer t 

Because in the case of cascades and water-falls^ the 
Sfpray and the drops of moisture dispereed over the 
.grass and the spiders -webs produce the samephenomena^ 

1686 Does every person see the same colors from the same drops f 

No ; no two persons see the same rainbow. 

To another spectator, the rays from S B {Fig. 70) might be red instead 
of yellow; the ray from S (7, yellow; and the blue might be reflected 
from some drop below G. To a third person, the red may issue fit>m a 
drop above A^ and then A would reflect the yellow, and B the blue, and 
floon. 



Why are there often iioo rainbows ai one and the same time f 

The first, or primary how^ is formed bv two refrac- 
tions of the solar ray, and one reflection^ the rays of the 
sun entering the drops at the top^ and being reflected 
to the eye trom the bottom. 

Thus in Fig. 71, the ray S A of the 
primary rainbow strikes the drop at A, 
is refracted or bent to B, the back part 
of the inner suriaoe of the drop ; it is 
then refracted to G, the lower part of 
the drop, when it is refracted again, 
and so bent as to come directly to the 
eye of the spectator. 

The secondary, or outer bow, is pro- 
duced, on the contrary, by two refrac- 
tions and two reflections^ the ray of 
light entering the drops from the bot- 
tom, and being reflected to the eye 
from the top. 

Thus in Fig. 73, the ray S B of the 
secondary bow strikes the bottom of 
the drop at B, is refracted to A, is then 
reflected to C, is agsdn reflected to D, 
when it is again refracted or bent, tiU 
it reaches the eye of the spectator. 

1087 Why are (he colors of (he 
second bow all reversed t 

fig. 71 Because in one bow we see 
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the rays wliicli enter at tlie top of the rain-drops, 
refracted yrom the bottom : 

But in the other bow we see the rajs -which enter at 
the bottom of the rain-drops (after two reflections) 
refracted from the top. 

The position and formation oT the primary Mid secondary rainbows ai» 
represented in fig, 73. Thus in the linmatioD of the primary bow, the 
ray of light 8 Btrikee the drop ii at a, ia refracted to n 6, theoce to g, and 
leaving the drop at this point, proceeds to the eyes of the spectator at O. 
In the fiHiua^oD of the setxmdar? bow, the ray S' strikes the drop p at the 
bottom at the point i, ia relractiid to d, thence to / and again to e, pro- 
ceeding fltim the top of Iho drop, also to the eye of tho spectator at 0. 

The resacn why tJie primary bow exhibits the stronger colors is, be- 
cause Uie cokos are seen atUr one reflection ar:d Imo refractions ; but tlie 
colors of the aecondaiy (or upper) rainbow undergo two reflectiona and 
boo iefractioD8i 



less Why doa a loap btiible exhOrU mch a variety of colors t 
Becanse the thichnesa of the jUm, throngh which the 
rajB paea ia constantly vtuying. 

less Why ia a nop btibbU to conitaaHy changing Hi Ihickna* t 
BecanBe the water runs down, from, the top to the 
bottom of the bubble, till the crown becomes so thin as 
to burst, 

aeeo WhaiiafhBca^mofmarm'B^aiadevetmQlwS.ightl 
When the sun is below the horizon, the rays which 
strilce upon the atmosphere or clouds are }>etd dtyten 
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Lenses and their Tarieties. What is a focus of light ? 

towards the earthy and produce a little light called twi- 
light. 

leex Whaiisalensf 

A piece of gloM or other transparent sttistance, 
bounded on both sides by polished spherical surfaces, 
or on the one side by a spherical, and on the other by a 
plane surface. Rays of light passing through it are 
made to change their direction, and to magnify or 
diminish the appearance of objects at a certain distance. 

16&2 How many varieties of lenses are generally recognised f 

Two : convex and concave. 








F!k.74. 

Among convex lenses are the double convex A {Fig. 74) to which the 
appellation lens was originally applied from its resemblance to a lentil- 
seed (lens in Latin) being bounded by two convex spherical surfaces 
whose centres are on opposite sides of the lens ; the plano-convex B, 
having.one side bounded by a plane surface, and the other by a convex 
surface ; and the meniscus or concavo-convex C, bounded on one side by 
a concave, and on the other by a convex surface. 

There are also three principal varieties of concave glasses; as the 
double concave D, bounded by two concave sur&ces, forming portions of 
spheres whose centres are on opposite sides of the lens; the plano- 
concave E, boimded on one side by a plane, and on the other by a 
concave surface ; and convexo-concave F, bounded by a convex sur&ce 
on one side, and by a concave one on the other. 

16Q3 Whatisafocuso/ligMf 

When rays of light continually approach each other, 
as in moving to a point, they are said to converge^ and 
the point at which the converging rays meet is called 
ihejoctis. 

X604k WJuU sort of a lens is a common bum- 
ing-glass t 

A dxyuible convex lens. 

Fig. 75 represents the action of a double con- 
vex lens in causing the rays of light to ccnverge 
and meet at a focus. 

Vlg, 75. 16SCS Whal are transparent bodies f 
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Opaque and tTanBparent bodies. Absorption of light. 

Those which do not interrupt the passage of light, 
or which admit of other bodies being seen through 
them. 

1BS6 Wlien is a "body said to he opaque t 

When it entirelj prevents the passage of light 

1G07 Is there any body perfectly transparent f 

No ; some light is evidently lost in passing even 
tlirough space, and still more in traversing our atmo- 
sphere. 

X698 Bow nmch of the surCs light is supposed io he intercepted hy the 
atmosphere t 

It ha6 been calculated that the atmosphere, when the 
rays of the sun pass perpendicularly through it, inter- 
cepts from one-hfth to one-fourth of their light; but 
when the sun is near the horizon, and the mass of air 
through which the solar rays pass is consequently 
vastly increased in thickness, only one two hundred and 
twelfth part of their light can reach the surface of the 
earth. 

16SO Why is charcoal Nock t 

Because it absorbs all the light which falls upon it, 
and reflects none. 

1700 What becomes of the light which is dbsorbedt 

This question cannot be satisfactorily answered. In 
all probability it is permanerUly retain^ed within the 
substance of the absorbing body. 

1701 To what depth is light supposed to penetrate the ocean f 

It is calculated that sea water loses all its transpa- 
rency at the depth of seven hundred a/ad thirty feet ; 
but a dim twilight must prevail much deeper in the 
ocean, 

12 
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CHAPTER II. 
entucnmtE oy the ete and the fuenoheka of visiok, 

3.70a Whalitihetinictureo/lluhtimattej/et 
In man the organ of vision coneiBts of two hollow 
spheres, each about an inch in diameter, filled with 
certain transparent liquids, and deposited in cavities of 
Bnitablc magnitude and form in the upper part of the 
front of the head on each side the noee. 

1.703 Sow it it thai vK are enailrd to mom Ouq/tia various dirtcliontt 
By means of muscles attached to different points of 
its Btirface. 



n* w. 

These ure ahown in f^. 78, where the ejiternal bonea irf the templa 
■re supposed to be removed id order lo render visible the muscular 
aiTsngetneDU. The muscle, 1, raises the e^re-lid, and is coDstantlj ia 
action while we are awake, DitrJtig gleep, the muscle being in repose 
and relaxed, the e;e-lid falls end protecia the eje from tlie action of light. 
The muscle, 4, tume the eje upwards ; fi, downwards ; 6, outWHTds ; and 
a corresponding one on the inaide, not seen in tlie figure, turns it inwaj^ 
No. 9 and 10 turn tlie eje rouud its axis. No. 11 is me great optic 
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Betina. Iris. Pupil. Cornea. 

nerve, which conveys the sensation to the brain. If this nerve were cut, 
notwithstanding the eye might be in other respects perfect, the sense of 
sight would be destroyed. 

XTO^: Of wJiai parts does Ike eye consist t 

The eye is of globular form, and is composed of three 
coats or membranes, called the sclerotic^ the cJwroid^ 
and the retina ^ and three humors, denominated the 
aqtceoicSj the crystalline^ and the vil/reoua. 

1706 Whai is meant by the " retina of the eye f " 

The network which lines the hack of the eye is called 
the retina ; it is composed of an expansion of the optic 
nerve. 

1706 Whai is that portion of (he eye caUed which in some persons is 
hkte^ in others gray or haad t 

It is called the iris. 

170 7 In the centre of (he iris is a circular hlacU opening : what is this 
called t 

It is called the pupil. But this spot is not a black 
substance, but an aperture^ which appears black only 
because the chamber within it is dark. It is properly 
speaking the window of the eye, through which light 
is admitted, which strikes on the retina. 

X708 Does light admitted through the pupU (o the retina produce vision f 

Yes, provided the light enter in sufficient quantity. 

1709 How by the arrangement of (he several parts of the eye are we 
enabled to see f 

The rays of light falliuff upon the cornea, enter the 
interior of the eye througii the pupil, and bv the loint 
action of the cornea and crystalline lens are brougnt to 
a focus at the back part of the eye, upon the retina. 
Here an image is formed, and the impression it makea- 
is conveyed along the optic nerve to the brain. 

17T.O Whai is mmni by the " cornea of (he eye ?" 

All the outside of the visible part of the eyehaU. 

IHg. 77 represents the interior construction of the eye. It is composed, 
in the first place, of tlie cornea, a, a transparent membrane in front of th« 
globe of the eye. Next is the sclerotic coat, t, which joins on the cornea^ 
and upon which the external form of the eye depends. The cornea is 
united to, or fixed in, the sclerotic coat, like the glass into the case of a 
waich: d, c represents the iris, with an opening in it, forming the pupils 
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Next in order is the aqueous humor, i, «, in the middle of which ia the 
Iri^ it, e. Behind the pupil we have the crystalline lens, /, and then the 
vitreous humor, A, filling nil the interior of the ball of the eye. m indi- 
catea the retina, which is an expansion of the optic nerve, n. kia the 
choroid coat, a, membrane iulerposed between the retina and the sclerotic 
coat ; it terminates in tbrm in a aeries of folds or filament^ g, called the 
ciliary ligament or procesaes. 

ITll Why art some perxna near-aigJUed t 
Because tlie curvature of the cornea and the crystal- 
line lens is too great, and the raye of light which form 
the image are brought to a focna before they reach the 
retina or the back part of the eye. The object, there- 
fore, IB not distinctly eeen. 

Fig. 79 represents the mnnner 
in which ttie inii^ is fbnned 
upon tlie retina in the perfect eye. 
The curvature of the cornea, ««, ■ 
and of the crystalline lens, c c, is 
just sufficient to cauae the rays 
of light proceeding from tl^e iiD- 
^;s, e e,v> converge to the right 
focus, m, upon tlie rctiua. 

fig. 78 represents the man- 
ner in which the image ia formed 
in the eye of a near-sighted per- 
son. The curvature of the cor- 
nea, J s, and of the crystailine 
lemi, c c, ia so great tliat tne im- 
age ia formed at m m in aavunaa 
of the retina. 
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Explanation of Hu'-Aightedneaa. 



. 1712 Wfiat sort of glasses do necMT'Sighted persons wear? 

If the cornea and crystalline lens be too convex (or 
projecting), the person must wear double concave glasses 
to counteract it. 

1713 WhcU is meant by " double concave glasses f" 

Glasses hoUowed-in on both sides. 

1 714 Why are old people far-sighted f 

Because the humors of their eyes are dried up Tyy a^e; 
in consequence of which the cornea smks in^ or becomes 
flattened. 

171 5 Why does the flattening of (he cornea prevent persons seeing 
ejects which are near f 

Because the cornea is too jlat^ and the image of ob- 
jects is not completdy formed when their rays reach the 
retina ; in consequence of which the image is imper- 
fect and confused. 

Mg. 80 represents the man- 
ner in which the image is 
formed in the eye, when the 
coraea or crystalline lens is 
flattened. The perfect image 
would be produced at w w, 
behind tlie retina, and, of 

course, beyond the point ne- FijcSO. 

cessary to secure perfect vision. 

171S What sort of spectade-glasses are suitable for old people t 

Double-con vexfflasses, or those which curve outwards 
on both sides. These shorten the focus of the eye, and 
produce an image upon the right point, the retina. 

1717 Why do near-sighted persons bring objects close to the eye in order 
1o see them t 

Because the distance between the ^ront and hack of 
the eye is so great^ that the image of distant objects is 
formed in /rwi^ of the retina; but when objects are 
bi-ought near to the eye^ their image is thrown farther 
lach^ and made to fall on the retina. 

1718 Why do old people hold objects far off in order to see them better t 

Because the distance between the front and hack of 
their eyes is not great enough ; when, however, objects 
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are held farther off, it compensates for this defect, and 
a perfect image is formed on the retina. 

Birds of prey are enabled to adjust their ejes so as to see objects at a 
great distance, and again those which are very near. The first is accom* 
plished by means of a muscle in the eye, which enables them to flatten 
the cornea by drawing back the crystalline lens ; and to enable them to 
perceive distinctly very near objects, their eyes are furnished with a 
flexible bony rim, by which the cornea Is thrown forward at will, and the 
eye thus rendered near-sighted. 

17X9 Why do persons who are sJiorUsighied in yotUh, grdduaUy have 
ihisfaUiTig corrected as they grow old? 

They are short-sighted because the cornea of the eye 
is too globular/ but as age advances, the fluids are not 
secreted as before, the eye becomes jUMenedy and 
natural sight is again restored. 

1780 What is the use of (he eyebrows f 

The eyebrows defend the eyes from too strong a light, 
and serve to turn away substances which might other- 
wise fall into the eye. 

17S31 Whai is the use of the eyelashes f 

The eyelashes gua/rd the eye from danger^ and pro- 
tect it from dust or insects floating or flying in the atmo- 
sphere. 

1723S Why is the eye pained hy a sudden light f 

Because the nerve of the eye is burdened with rays 
before the pupil has had time to contract. 

17S3 What is (he pupa of the eye f 

The circular black opening in front of the eye. 

1724 Why does it give us pain if a bright light is brought suddenly 
towards us ai night-time t 

Because the pupil of the eye dilates very much in 
the dark in order to admit more rays. 

When therefore a light is brought suddenly before us, the enlarged 
pupils overload the optic nerves with rays^ which causes pain. 

17S6 Why can we bear the light after a few moments f 

Because the pupils contract again almost instantly, 
and adjust themselves to the quantity of light which 
falls upon them. 

-17SQ Why can we see nothing when we have a weQ4ighted room, and 
go into the darker road or street t 
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Because the pupil (which contrcusted in the bright 
room) does not dAlate mstantaneoualy ; and the con- 
tracted pupil is not able to collect rays enough from the 
darker road or street to enable us to see objects before us. 

1727 How does Ughi cause the pupil ofiheeyeto contract t 

The pupil of the eye is a round hole in the midst of 
a movable muscular curtain or screen, called the iris. 
When too much light falls on the nervous retina at the 
back of the eye, it irritates it; and this irritation is 
conveyed to the muscular rings composing the curtain 
by small nei*vous fibres, causing them to contract 

17S8 Why do we see better when we get used to (he dark f 

Because the pupil dilates again, and allows more rays 
to pass through its aperture : in consequence of which 
we see more distinctly. 

1729 Jfwe look at the sun for a few moments^ why do aU other Udnga 
appear dark f 

Because the ner^'^e of the eye, by looking at the sun, 
is so aflfected by the intensity of the light that it requires 
a few moments to recover its former sensibility. 

1730 Why can we see ^ proper colors of every object again after a 
few minutes? 

Because the eye again recovers its sensibility, and 
accommodates itself to the light around. 

1731. Whi/ can tigers^ cais^ and owls see in the darkt 

Because they have the power of efrdaraing the rytwil 
of their eyes so as to collect the scatteredf rays of light ; 
in consequence of which they can see distinctly when it 
is not light enough for us to see anything at all. 

1732 Why is it that when we press sUgUtly upon the bdU of either eye, 
white viewing an object^ we see double f 

Because \he pressure oiihe finger prevents the ball 
of one eye from following the motion of the other, and 
the axis of vision in each eye being diflferent, we see 
two images. 

1733 Do persons who squint see double t 

They do / but practice gives them power of attending 
to the sensation of only one eye at a time. 
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1734 WJuU is (he cause of strabismus, or squinting t 

The inability of one eye to follow the motions of the 
other ; this may arise from habit, imperfect power in 
one eve, or some defect in the muscular movements. 

1736 Why, when the eye is violently struck or pressed upon, do we seem 
to see light f 

Becaase the j^essvre communicated to the optic 
nerve causes a violent and momentary sensation of 

light. 

173Q When we say we see an object, wJiai do we in fact do t 

The mind is only taking cognizance of the jpictnre or 
impression made on the retina. 

1737 If ike mind, in- seeing an object, sees in reaiity only a picture 
pointed on the back of the retina^ how is it enabled to judge of magniiudeSy 
distances, etc., the picture being on a comparatively flat surface t 

It is only by experience. " I see men as trees walk- 
ing," said tne man born blind, when restored to sight. 

1738 Would a person whose eyes, although perfect, had been covered up 
from infancy to maturity, be able to see f tJiat is, comprehend any sc-ene or 
prospect on which he first opened his eyes? 

He would see the objects, but could tw more under-^ 
stand them than a child understands the printed page 
on which it looks, although every word is clear and 
distinct. 

1739 Do we seethe same lines and surfaces of an object alike wieheach 
eyet ^ 

, We do not. 

"We may convince ourselves that we do not, by placing two candles, for 
example, in such a position, that when they are looked at with the right eye, 
6ne is made to cover the other ; if now we close the right eyie and look at 
them with the lefl, the most remote candle will be no longer screened by 
the front one, but will be seen about an inch to the left of it 

1740 Why cannot we count the posts of a fence when we are riding 
rapidly in a railroad car f 

Eveiy impression, according to the intensity of its 
effects, remains for a certain length of time on the 
retina, and a measurable period is necessary to produce 
the impression. The light from each post falls upon 
the eye in such rapid succession, that the different 
images become confused and blended, and we do not 
obtam a distinct vision of the particular parts. 
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Why the snn and moon seem larger on the horizon than overhead. 

1741 Why do the sun <md moon seem larger ai (heir rising and setting 
than ai any other time t 

The appearance is an illusion, in consequence of ter- 
restrial objects being placed in close comparison with 
them at one time, and not at the other. 

1742 Is this iUusion an optical one^ or a mental iUttsion t 

A mental one, since the organs of vision do not pre- 
sent to us a larger image of the moon or sim in the 
horizon than in me zenim. 

1743 What do we rrveam, by the horiaon t 

The circle or line where the earth and sky appear to 
meet. 

1744 WTiat do we mean by (he zenith t 

The point or part of the heavens immediately over- 
head, 

1746 Is the moon nearer or farther from us when upon^ the horizon t 

When the moon is on the horizon, it is about Jhur 
thousand miles farther from us than when in the zenith ; 
its apparent diameter, therefore, instead of appearing 
larger, ought to appear about a sixtieth part less. 

1740 Why are we so often mistaken in respect to the actual distance 
of a conflagration ai night f 

Light radiating from a centre rapidly weakens as the 
distance from the centre increases^ being, for instance, 
only one-fourth part as intense at double the distance. 
The eye learns to make these allowances, and by tlie 
clearness and intensity of the light proceeding from the 
object, judges with considerable accuracy of the com- 
parative distance. But a fire at night appears uncom- 
monly brilliant, and therefore seems near. 

1747 Why does the evening star rising over a hiU-top appear as if 
situated directly over the top of die eminence t 

Because we make brightness and clearness to depend 
on contiguity^ as it ordinarily does ; and as the star is 
bright, we unconsciously think it near us. 

1748 Whai is the cause of colors f 

The action of light, 

1740 Eow is this proved t - . 
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In the dark, bodies have no color, and in the light 
their colors may be altered by subjecting to certain mc 
difications the light by which they are rendered visible. 
Thus a hlue piece of cloth in a red light will appear red. 

1760 Why 18 U IhcU we find ii difficult to distinguish colors by candle- 
Ughif 

Because we have modijled the light upon which the 
full effect of the color depends. 

X761 WJuU then is the true definition of colof'f 

The color of a substance is the efect of light on a 
surface adapted to reflect its particular color. 

X768 Why do some things reflect one color^ and some another t 

Because the surface of things is so differenQ/y constir 
tided^ both physically and chemically. 

1763 Why is a rose red f 

Because the surface of a rose absorbs the hlu^ and 
yellow rays of light, and reflects only the red. 

XTS^: W?iy are some things bkbckt 

Because they absorb all the rays of light, and reflect 
none. 

1766 Is Uack a color t 

It is not / it is the absence of color. 

176G Why are some things white t 

Because they absorb none of the rays of light, but 
reflect them all. 

1767 Why are cloudSj snoWj sugar ^ and sdU white t 

Because they reflect back unchanged the white light 
which strikes upon them. 

1768 Why are not (he crystals of frost and snow transparent like icef 

The crystals of frost and snow are not solid^ but thej 
contain air ; hence their brilliant whiteness : for the air 
preventing the ready transmission of light through the 
crystals, the rays are copiously reflected from the mass 
of crystals. 

X76© Why is the darkness of night diminished by the presen/ce of snow? 

Because the snow reflects, instead of absorbing, like 
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Origin of color in leares of tre6& Why is the sky blue f 

the bare ground, the faint light that proceeds from the 
sky. 

X7QO Why are the leaves of plants green f 

Because a peculiar chemical principle, called chloro- 
pliyl, is formed within their cells, which has the property 
of absorbing the red rays, and of reflecting the blue and 
yellow, wluch mixture produces green. 

1701 Why are leaves a light green in spring t 

Because the chlorophyl is not fully formed. 

17B8 Why do leaves turn brown in autumn t 

Because the chlorophyl undergoes decay, and is not 
replaced as it is in spring. 

17S3 Why do aJl tilings appear black in the dark t 

In the dark there is no color, because there is no light 
to be absorbed or reflected, and therefore none to be 
decomposed. 

Of course, in certain degrees of darkness, all objects are actually invi- 
sible. The question refers to that peculiar degree of darkness when the 
forms of objects may be seen, but not their hues, 

1704 Why does the sky appear blue t 

Because the atmosphere absorbs the red and yellow 
rays, and transmits tne bliie. 

■170S Why does the sun most generally fade artificial colors t 

Generally the loss of color arises from the oxidation 
of the substances used in dyeing ; as tarnish and rust are 
an oxidation of metals. • Sometimes, however, the 
ingi-edients of the dye are othei'wise decomposed by the 
sun ; and the color (which is due to a combination of 
ingi'edients) undergoes a change as soon as the sun 
deranges or destroys that combmation. 

1700 What remarkable correspondence is (here between the geographical 
position of a region^ and the colors of its plants and animals f ■ 

In the tropics, where the sun shines longest and 
brightest, the da/rhest areen prevails over the leaves of 
plants, the flowers and fruits are colored brightly, and 
the plumage of the birds is of the richest description. 

1707 What is the natural coloration exhibited in temperate dimaies t 

In temperate climates everything is of a more sub- 
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dued va/riety ; the flowers are less hrigkt j the prevail- 
inff tint of the birds is hrovm; and tne dresses of the 
inhabitants are sombre. 

17S8 Bow is this corre^Mndence further exemplified in (he Arctic and 
Antarctic regions t 

Here there is Utile color in natural objects ; the few 
flowers are white or yellow ; and the animals are almost 
uniformly hldck or white. 

1763 In what part of the ocean do we find the brightest shells and seor 
weeds f 

Near the sh/yre^ in shallow water, where the influence 
of light is greatest. 

1770 Whai fishes are distinguished for the hriUiancy of their colors? 

Those that swim near the surface ,* whereas those 
which live at greater depths are gray, brown, and black. 

1771 What is the appearance of the sea-weeds and animals thai Uve ai 
great depths of the ocean t 

They are nearly colorless. 

±'7'7Q Why is grass growing under a cowring of a white or yellowish 
white color t 

Because it is secluded from the lights whose presence 
and action is necessary for the production of the material 
which imparts to it its green color. 

1773 Of the various rays composing solar light, which are the most 
visible to the huinan eye t 

Tlie yellow. 

1774 Which h/ive the greatest heating effect f 

The faint red rays. 

1775 Why does a dress composed of cloths of different colors^ look weO 
much longer J aUhough worn, than one of only a single color, the character of 
the cloth in both instances being identical t 

It is owinff to the effect of contrast between the 
colors. If a dress is composed of cloths of two colors, 
as red and green, orange and blue, yellow and violet, 
they will mutually heighten the effect of each, and make 
each portion appear to the best advantage. 

177S Why wHl stains be less visible on a dress of different colors, than 
on one composed of only a single color t 

Because there exists in general a greater contrasi 
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among the various parts of the first-named dress, than 
between the stain and the adjacent part, and this differ- 
ence renders the stain less apparent to the eye. 

ITTT Why can a coaL, waistcoai, and pants of (he same color be worn 
with advantage together only when they are new t 

Because as soon as one of them loses its freshness 
from having been worn longer than the others, the 
difference will increase by contrast 

17*78 Give an iUustraiion. 

A pair of new black pants, worn with a vest of the 
same color, which is old and rusty, will make the tinge 
of the latter appear more conspicuous, and at the same 
time the black of the pants will appear more brilliant. 
White and other light-colored trowsers would produce 
a contrary etfect. 

±T70 What is (he general law upon which (he harmony of colors 
depends? 

Every color when placed beside another color is 
cAan^edj appearing different from what it really is: 
and it moreover equally modifies the colur with whicn 
it is in proximity. 

V7&0 What effect has rose-red upon a rosy complexion t 

It causes it to lose some of its Jreshness. 

1781 For fair complexions^ deficient in rose^ which color is most favor* 
ahkt 

A delicate green. 

178S What effect has black drapery upon the color of (he skin t 

It m^kes it appear whiter. 

1783 WJiat ride should be observed in the grouping of fmoers and (ks 
preparation of bouquets t 

We must separate pink flowers from those that are 
either scarlet or crimson ; orange, from orange yellow 
flowers ; yellow flowers from greenish-yellow flowers ; 
blue from violet-blue, red from orange, pink from violet ; 
blue flowers from violet flowers. 

1784 What is (he optical effect of dark colors and black upon (he size 
of the figure f 



274 8GIEN0E OF COMMON THINGS. 

■ 1 — ^' 1 — --»-■ ■ _ , I ^111 1 1 I ■■ 

Most oonsplcnonB colon. Colors of anlnuUs adapted to their necesfiitiea. 



It causes it to appear smaller y therefore these colors 
are most suitable for stout persons. 

1786 What tffeci do white and light-colored dresses have upon (he size 
ef the figure? 

They cause it to appear larger. 

X780 Whai effect do large patterns in dress maket 

They make the figure look shorter. 

1787 What is the effect of narrow longitadindl stripes in dress f 

Tliey add to the apparent heigkl of the figure. 

1788 What is the effect of horizontal stripes? 

The effect of horizontal stripes is opposed to that of 
longitudinal, and under every condition they are tm- 
ffraceful. 

1789 What colors are most coTispicuous in battle ? 

It has been found by numerous observations that red 
is the most fatal color, and the least fatal is a light grey. 

170O What curious provision for the protection of animals does nature 
appear to make? 

She appears to have adapted the color of the creature 
to its haunts in such a way as tends Xo preserve it from 
injury. Caterpillars and insects which feed on leaves 
are generally of the color of the leaves. As long as 
they remain still, it is almost impossible to distinguish 
the grasshopper from the herbage on which it rests. 

1791 What curious change is noticed in the color of animais inhabiting 
the Arctic regions ? 

During the snows of winter, foxes, hares, and some 
varieties of birds are white / when the ground is free 
from snow in summer, they are of a brown color. 



SOIENGE OF COMMON THINOS> 275 

What is eleetiiclly f Means of exciting electricity. 



PART vm. 

ELECTRICITY, GALVANISM, MAGNETISM, AND 

ELECTRO-MAGNETISM, 



CHAPTER I. 

ELECTRICITY. 
179S WhaiisdedricUyf 

Electidcity is one of those imponderahle events that 
appear to be diffused through aU nature^ existing in all 
substances without affecting their vplume or their tem- 
perature, or giving^ any indication of its presence when 
in a latent state. W^hen, however, it is liberated from 
this repose, it is capable of producing tlie most svdden 
and destructive effects^ or of exerting powerful influences 
by a quiet and long-continued action. 

X703 How may electricity be caUed into activity t 

By mechamcal power, by chemical dction, by heat, 
and by magnetic injhience, 

1704 WhjaJt is the most ordinary way of exciting eleciricUy t 

'Bj friction, 

1706 Do we know any reason why ike means above enumeraied should 
develope electricity from its tatent condition f 

We are entirely ignorant upon this subject. 

1705 When you rub a piece of paper with India-rubiber^ why does it 
adhere to the table f 

Because the friction of the India-rubber against the 
surface of the paper developes dectridly, to which this 
adhesiveness is mainly to be attributed. 

17© 7 j)Qe8 electricity present any appeanmce by which U can be known t 

No ; electricity, like heat, is in itself invtsiblcy thoug 
often accompanied by both light and heat. 
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X798 When a subsiancSy by friction or by any other means^ acqmrea 
(he property ofaJUaracting other bodies, in whai stale is it said to bet 

It is said to be electrified^ or electrically excited / and 
its motion towards other bodies, or of other bodies to- 
wards it, is ascribed to a force called electric attraction. 

X79d Does an dedrified body exercise any other influence than an 
attractive one? 

It does; for it will be found that light substances, 
after touching the electrified body, will recede from it 

i'ust as actively as they approached it before contact 
his is termed electric repmsion. 

Thus, if we take a dry glass rod, rob it 
well with silk, and present it to a light pith 
ball, or feather, suspended from a support 
by a silk thread, the ball or feather will be 
attracted towards the glass, as seen at G, 
Fig. 81. After it has adhered to it a mo- 
ment, it will fly offi or be repelled, as P' from 
G'. The same will happen if sealing-wax 
be robbed with dry flannel, and a like ex- 
ng. 8L periment made ; but with this remarkable 

difference, that when the glass repels the 
ball, the sealing-wax attracts it, and when the wax repels, the glass will 
attract. These phenomena are examples of eiectricai attraction and 
repulsion. 

1800 What is a non-electrified body f 

One that holds its own natural quantity of electricity 
undisturbed. 

1801 Whai happens when an decbrificd body touches one thai is non- 
dectrifi^df 

The electricity contained in the former is transferred 
in part to the latter. 

Thus, on touching the end of a suspended silk-thread with a piece of 
excited wax, the silk will be excited, as will be shown by its moving 
towards a book, piece of metal, or any other object placed near it 

1802 Do aXL bodies conduct or aJhw electricity to pass through (hem 
tquaJUy weUf 

Although there is no substance that can entirely pre- 
vent the passage of electricity, nor any that does not 
oppose some resistance to its passage, yet it moves with 
a much greater facility through a certain class of sub- 
stances than through others. Those substances which 
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facilitate its passage are called condoctors ; thoee that 

retard or almost prevent it, are called non-conductors. 

X80Q What sabaiancfs are good cotiducton of eledridty t 

The metals., charcoal, the eartk, taaier, and mmt fluids., 

except oils, tlie human body, etc., are good conductors. 

1804 Wliai svbelamxa obstrvcl the passage ofdectricity, or are "ikmi- 

Glass, resin, oil, silk, sulphur, dry air, etc, etc., are 

■ non-conductors. 

IBOS What is an ekdrical machine t 

An electrical machine is an arrangement by which 
qnaatities of electricity can be collected and discharged. 

Tbe electrical machine moat usu- 
ally emplojed consists of ft larffe 
dn!ular plate of glasa, see Fig. 82, 
mounted upon a metallic axis, and 
supporled upOD pillars fixed to a 
secure base, so that the plal« can, 
bj mcana of a handle, w, be turned 
with ease. Upon Hie Bupporta 
o! tlie gl^BH, and fixed so as to 
press easily but unifonnly on the 
plaM, are fbur rubbers, marked r r 
r r in the Qgure ; and flapsor silk, 
» I, oiled on one aide, are attached 
to these, and secured to tlxed sup- 
ports by several silk cords. When 
the machine is put in motion, these 
Baps or dilk are drawn tightly 
a^nst the glass, and thus the 
friction is increased, and electricity 
exrated. The points p p collect 1,^. ,<_ 

the electricity from Ihs glass, aod 
convey it to the conductor, c, which is sup- 
ported by the glass rod g. 

Fig. 83 represents another Ibrm of an 
electrical machine, constructed on similar 
principles. S being a glass cylinder turn- 
ing OD an axis, Y the conductor, F the 
rubber, A A supports. 

ISOe What ia (he IlKory of electrkily 
moat generally adopted t 

The theory proposed by Dr. 
Franklin : tnis supposes the ex- 
istence of a siiigle, trnponderaUe 
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fAiid^ equally distributed throughout nature: every 
Bubstance being so constituted as to retain a certain 
quantity of this agent. Any disturbance of the natw'al 
state of a body produces evidences of electricity. 

X807 Does dedricity seem to exist in two different states or conditions t 

It does ; and to designate these two conditions, the 
terms positive and negative have been employed. Tbua 
a body which lias an overplus of electricity is called poei- 
tive, and one that has less than its natural quantity is 
called negative. 

1808 Do lighiy heai^ and dedricity appear to have some properties in 
common f 

They do / each may be made, under certain circum- 
stances, to prod'ujce or excite the other. All are so light, 
subtle, and diffusive, that it has been found impossible 
to recognise in them the ordinary characteristics of 
matter. Some suppose that light, heat, and electricity 
are all modifUxdiona of some common principle. 

1809 W hy does (he fwr of acai sparkle and cradde when rubbed with 
the hand in cold weaiher t 

Because the friction between the hand and fur pro- 
duces an excitation of negative electricity in the JuMid 
and positive in th^fur^ and an interchange of the two 
causes a spark, with a slight noise. 

3.810 Why does this experiment work best in very cold wecuthert 

Because the air is then very dry^ and does not convey 
away the electricity as fast as it is excited ; if the air, 
on tne contrary, were moist^ the electricity would be 
conducted off nearl v as fast as it was excited by friction, 
and its effects would not therefore be so manifest. 

18XX WiGk. what velocity is etedricity transmitted through good condu> 
iorsf 

With a velocity so great that the most rapid motion 
produced by art appears to be actual rest when com- 
pared to it. Some authorities have estimated that elec- 
tricity will pass through copper wire at the rate of two 
hundred a/nd eighty-eight ttwusand miles in a second 
of time — a velocity greater than that of light. The 
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results obtained, however, by the United States Coast 
Survey, with iron wire, show a velocity of from 15,000 
to 20,000 miles per second. 

1818 What agenis are undoubtedly the most a/Aive in producing and 
exciting etedricUy in the operations of nature t 

The liff/U and heat of the sun^s rays. 

X 1813 It ?tas become the habit with many to ascribe to electricity the 
agency of pherurmena in the natural worlds the coMse of which may not be 
mpparent : is there any reason for this f 

There certainly is not : electricity is diffused through 
aU maUer^ and is ever active, and many of its pheno- 
mena cannot be satisfactorily explained ; but it is go- 
verned, like all other forces of nature, by certain fixed 
laws, and it is by no means a necessary agent in all the 
operations of nature. 

It argues great ignorance to refer without examination every mysteri- 
ous phenomenon to the influence of electricity. 

1814 Do som>e animals have (he power of exciting electricity within 
themselves f 

There are certain animals which are ^fted with the 
extraordinary power oi producing dectncal phenomena 
by an effort ot muscular or nervous energy. Among 
these the electrical eel and the torpedo are most re- 
markable. 

181CS How powerful a cha/rge of electricity can the electrical ed send 
forth when inftdl vigor t 

Sufficient to knock down a man or stun a horse. 

1816 Is (he dectricity generated by these animals (he same as (hat occor 
sioned by the ordinary electrical machine f 

It is the samSj and produces the sam^ effects, 

1817 Do vital action and mvsctdar mjovemefrUs in man and animals 
give rise to electricity f 

Tliey do / and it can be shown by direct experiment 
that a person cannot even contraM the musdts of the 
arm without exciting an electrical action. 

1818 Does change of form, or state in bodies genially produce electrical 
exdtaUon f 

Change of form or state is one of the m^st powerful 
methods of exciting electricity. 
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Water, in passing into steam by artificial heat, or in evaporating by the 
action of the sun or wind, generates large quantities of electricity. The 
crystallization of solids from liquids, all changes of temperature, the 
growth and decay of vegetables, are also instrumental in producing elee* 
trioal phenomena. 

ISie Whatis Ughtning t 

Lightning is accumidated electricity, generally dis- 
charged from the douds to the earth, but sometimes 
from the earth to the clouds. 

1820 WTuU causes the discharge of an electric doud t 

When a cloud overcharaed with electric fluid ap- 
proaches another which is undercharged, the fluid 
rushes from the former into the latter, till both contain 
the same quantity. 

1821 Is there any other cause of lightning besides the one just menr 
tionedf 

Yes ; sometimes mountains, trees, and steeples will 
discharge the lightning from a cloud floating near, and 
sometimes the electricity passes from the earth into 
the clouds. 

18S38 Eow high are the lightning douds from the earth t 

Sometimes they are elevsited four orjhe miles high, 
and sometimes actually touch the earth with one of 
their edges ; but they are rarely discharged in a thun- 
der storm when they are more than seven- hundred 
yards above the surface of the earth. 

1833 What is a thunder storm f 

The disturbance caused in the air when successive 
discharges of accumulated electricity take place. 

1824 Into haw many kinds has Ughtning "been divided t 

Three. 

1826 What are iheyt 

The zig-sag lightning, sheet lightning, and haU ligh^ 
mng. 

1826 Why is lightning sometimes forked? 

Because the lightning cloud is at a greai dista/aos : 
and the resistance of the air is so great that the electri- 
cal current is diverted into a zig-zag course. 
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1887 How does ihe resistance of the air make the lightnmg ttg-^sag f 

As the liffhtninff condenses the air in the immediate 
advance of its path, it flies from side to side, in order 
to pass where there is the least resistance. 

1838 Whjf is the flash someiimes quite straight t 

Because the lightning cloud is near the earth, and as 
the flash meets with very little resistance, it is not 
diverted ; in other words, the flash is straight. 

1889 What is sheet ligJUningf 

Either the reflection of distant flashes not distinctly 
visible or beneath the horizon, or else several flashes 
intermingled. 

1830 What other form does lightning occasionally assume t 

Sometimes the flash is globularj which is the most 
dangerous form of lightning. 

1831 Does a discharge produce a flash when U passes through good 
ctmdudoTsf 

It does noty but passes quietly and invisibly. 

1832 What is heat lightning f 

Sometimes it is the reflection in the atmosphere of 
the lightnings of storms very refnote^ the storms them- 
selves being so far distant that their thunders cannot 
be heard. This phenomenon is also occasioned by the 
plav of silent flashes of electricity between the earth 
and the clouds, the amount of electricity developed not. 
being sufficient to produce any other effects than the 
mere flash of light. 

1833 Why is lightning more common in sumwjer and in autumn than 
in spring and winter f 

Because the heat of summer and autumn produces 
great evaporatio7iy and the conversion of water into 
va/poT always developes ded/ridty. 

1834 Bow long is ihe duration of a flash of lightning? 

Arago has demonstrated that it does not exceed the 
millionth part qf a second. 

1835 With what velocity is lightning^ or the electric fluid which gives 
rise to its appearance^ supposed to move f 
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Places dangeroas in a thunder storm. How a tree influences lightning. 

Not less than two hundred and fifty thousand miles 
per second. 

X83S Why does lightning aometimea kill men and beasts t 

Because, when the electric current passes through a 
man or beast, it produces so violent an action upon the 
nervous system^ mat it destroys life. 

X837 When is a person struck dead by lightning f 

Only when his body forms a part of the lighinin^s 
path / that \6y when the electric fluid (in its way to the 
earth) actually passes through his hody. 

1838 What places are most dangerous during a thunder storm f 

It is veiy dangerous to be near a tree or lofty building. 

1.839 Why is it dangerous to be near a tree or lofty building during a 
thunder storm t 

Because a tall, pointed object (like a tree or spire) 
will frequently discharge a lightning cloud ; and if any 
one were standing near, the lightning might diverge 
from the tree and pass through the fluids of the human 
body. 

1840 How can a tree or spire discharge a lightning cloud t 

A lightning cloud, floating over sl plain, may be too 
far off to be discharged by it ; but as a tree or spire 
would shorten this distance, it might no longer be too 
far off to be discharged. . 

For example: If a lightning-cloud were seven hundred yards above the 
earth, it might be too far off to be discharged ; but a tree or spire fifty 
yards high would make the cloud only six hundred and fifty jrards off a 
conductor ; in consequence of which the doud might be instantly dis- 
charged. 

X84X What parts of a dweUing are most dangeroiu during a thunder^ 
stormt 

The Jlreplace (especially if the fire be lighted). It is 
also imprudent to sit close by the walls. 

184S Why is it dangerous to sit before afvre during a thunder storm f 

Because the heated air and soot are conductors of 
lightning, especially when connected with such excel- 
lent conductors as the stove, grate, or fire-irons. 

18*4:3 Why is it dangerous to lean against a wdU during a ikunder 
aiormf 
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Safest places in a thunder storm. 

Because the electric fluid will sometimes run down 
a waU<i 8.Bd (as the body of a person is a better conduc- 
tor than a wall) would leave the wall and run down the 
body. 

1844 Why is it davigerous to he in a crowd during a thunder storm t 

For two reasons : 1. Because a mass of people forms 
a better conductor than an individual ; and 

2. Because the vapor arising from a crowd increases 
its conducting power. 

1845 Why is the danger increased hy the vapor which rises from a 
crowd f 

Because vapor is a conductor, and the more conduc- 
tors there are, the greater the danger will be. 

1846 If a person be abroad in a thunder storm^ what place is the 
safest t 

Any place about twenty or thirty feet from a taU 
tree, building, or stream of water. 

1847 Why would it be safe to stand twenty or thirty feet from a iaU 
tree during a thunder storm t 

Because the lightning generally chooses tall trees as 
conductors, and we should not be sufficiently near tlie 
trees for the lightning to diverge from them to its. 

1848 Why is the middle of a room mjore safe than any other part of 
it in a thunder storm f 

Because the lightning (if it should strike the room at 
all) would come down me chimney or walls of the room; 
and therefore the farther distant from these, the better. 

1840 Why is a mattress^ bed^ or hearihrrug a good security against 
ifijury from, lightning f 

Because they are all non-conductors ; and as lightning 
always makes choice of the best conductors, it would not 
choose for its path such things as these. 

I860 What is the safest thing a person can do to avoid injury from 
lightning f 

Lie upon a bed in the middle of a room. A hed filled 
with feathers is an excellent non-conductor. 

1851 Is there not generally a greater apprehension of the danger from 
lightning than experience would justify f 

The apprehension and solicitude respecting lightning 
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are proportionate to the magnitude of the evils it pro- 
duces, rather than the frequency of its occurrence. The 
chances of an individual being killed by lightning are 
injmitdy less than those which he encounters in his 
daily walks^ in his occupation^ or even during his sleep 
from the destruction of the house in which ne lodges 
by fire. 

1.8CS3 Why does the liglUning in its course down a building generally 
dart from point to pointy and not follow a direct paih f 

Because it always takes in its course the best conduc- 
tors ; and will fly both right and left in order to reach 
them. 

X8CS3 Whai is a lightning conductor f 

A metal rod fixed in the earth, running up the whole 
height of a building, and rising in a point above it 

X8CS4 What metal is best for this purpose f 

Copper makes the best conductor. 

1866 Whai is the use of a lightning conductor f 

As metal is a most excellent conductor, lightning 
(which makes choice of the he^ condttcto7*s) will run 
down jGi metal rod rather than the walls of the building. 

1866 Why sJioidd lightning conductors be pointed t 

Because points conduct electricity away silently and 
imperceptibly. 

Blades of grass, ears of com, and other pointed objects serve to with- 
draw electricity from the clouds. 

1867 HoU) far wiU the beneficial influence of a lightning conductor 
extend f 

It will protect a space all round four times the length 
of that part of tlie rod which rises above the building. 

1868 Give 7ne an example. 

If the rod rises two feet above the house, it will pro- 
tect the building for (at least) eight feet all round. 

1869 H(nn can lightning conductors be productive of harm f 

If the rod be broken^ the electric fluid (being obstruct- 
ed in its path) will enter the building. 

I860 Is there any other evU to be apprehended from a Ughtning rod f - 

Yes ; if the rod be not large enough to conduct the 
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whole current to the earth, the lightning will fuse the 
metal and enter the building. 

18S1 By whom was the identity of Ughintng and dedricUy first esta- 
blished f 

By Dr. FramJdin^ at Philadelphia, in 1752. 

The manner in which this feet was demonstrated, was as follows : 
Having made a kite of a large silk handkerchief stretched upon a frames 
and placed upon it a pointed iron wire connected with the string, he raised 
it upon the approach of a thunder storm. A key was attached to the 
lower end of the hempen string holding the kite, and to this one end of a 
silk ribbon was tied, the other end being fastened to a post. The kite 
was now insulated, and the experimenter for a considerable time awaited 
the result with great solicitude. Finally, indications of electricity began 
to appear on the string; and on Franklin presenting his knuckles to the 
key, he raised an electric spark. The rain beginning to descend, wet the 
string, increased its conducting power, and vivid sparks in great abun- 
dance flashed from the key. 

1863 Why was (he kite instUaied when Franklin fastened the key to the 
post with a silk ribbon t 

Because the silk was a non-condVfCtor^ and would not 
allow the electricity received upon the kite to pass off 
by means of the string to the ground. 

1863 Was this experiment one of great danger and risk f 

It was ; because the whole amount of electricity con- 
tained in the thunder cloud was liable to pass from it, 
by means of the string, to the earth, notwithstanding 
the use of the silk insulator. 

1864 If a Ughtning rod is made of iron, ho^o large should it be f 

Not less than- three-^ua/rters of an inch in diameter. 

1866 In what manner shotUd the rod be erected f 

Tlie rod should be continuous from the top to the hot- 
iOTTi^ and an entire metallic communication should exist 
tlii'oughout its whole length. 

This law is violated when the joints of the several parts that form the 
ponductor are imperfect and when the whole is loosely put together. 

1866 H(m shmdd the condvclor be fastened to the bu/Hding f 

By wooden supports. 

If there are masses of metal about the building, as gutters, pipes, etc., 
these should be connected with the rod by strips of metal ; for unless this 
is done the lightning may pass from the rod to the metal, and enter tho 
6uildin& 

18 
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1867 How ahovid iht lower end of the rod he arranged t 

It should be divided into two or three hranchea^ and 
turned from the building. 

The end of the rod ought to extend so &r below the surface of the 
ground as to reach earth that is permanently damp. 

1868 Why is ii a good plan to bury the end of (he rod in powdered 
iharcoait 

Because it preserves the iron from rust, and facUi- 
tates ihe passage of the electricity. 

I860 Have we any proof of (he rUHUy of lightning rods t 

The experience of a hundred yeai-s has shown that 
when all the necessary rules have been observed, the 
protection is perfect, as far as human eftbrt can avail. 

1870 Is a building more or less liable to be struck when famished with 
a good lightning conductor f 

Lightning conductors do not, as many suppose, attract 
the Ughtm,ing towards the building on which they are 
situated ; they simply direct its course, and facilitate 
the passage of the fluid in the most direct way to the 
earth, only when a discharge must jnevitably occur. 
There is no attraction, but the lightning takes the road 
which oflfers the least resistance. 

1871 Are ligJUning conductors protective when even no visible discharge 
takes place t 

They are / they possess a very great preventive 
power, and gradually and,silentlv disarm the clouds by 
conducting the electricity from them ; and this process 
commences as soon as the cloud has approached a posi- 
tion vertically over the rod. % 

187J3 What is thunder? 

> It is a certain noise proceeding apparently from the 
clouds, which usually follows, after a greater or less 
interval, the appearance of a flash of lightning. 

1873 Bow is it st^pposed to be occasioned f 

Tlie usual explanation oflfered is a sudden displace- 
fnent of the air produced by the electrical discharges in 
which the lightning is evolved. 

Others have supposed that the passage of the electric current creates a 
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vacuum, and that the air rushing in to till it produces the sound. Any 
explanation tiiat has yet been ottered is not altogether satisfactory., 

1874 WhcU occasions the rolling of the ihunde^- f 

It has bpen ascribed to the efect of echo ; but the 
true cause probably is, that the sound is developed by 
the lightning in passing through the air, and conse- 
quently separate sounds are produced at every point 
through which the lightning passes. 

' 1875 Why is thunder sojnetimes one vast crash f 

Because the lightning cloud is near the earth ; and 
as all the vibrations of the air (on which sound depends) 
reach the ear at the same motnent, they seem like one 
vast sound. 

1878 Why is the thunder generally heard several moments after the 
flash? 

Because it has a long distance to travel. Lightning 
travels nearly a miUion times faster than thunder ; if, 
therefore, the thunder has a great distance to corne^ it 
will not reach the earth till a considerable time after 
the flash. 

1877 Can we not tett (he distance of' a thunder cloud by observing the 
interval which elapses between the flash and the peal f 

Yes ; the flash is instantaneous, but the thunder will 
take a whole second of time to travel three hundred and 
eighty yards ; hence, if the flash be five seconds before 
thunder, the cloud is nineteen hundred yards off. 

i tf. 380 X 5=1900 yards. 

1878 Wh£U is the- aurora borealis or northern lights f 

Luminous afpvearances seen in the sky at night-time. 
Sometimes streaks of blue, purple, green, red, etc., and 
sometimes flashes of light, are seen. 

187© WhaJl. is the cause of the aurora borealis or northern lights f 

Electnr-icity in the higher regions of the atmosphere 
is undoubtedly an active agent m producing this pneno- 
menon. 

1880 Is (he aurora ever seen in other parts of the heavens (han towards 
(he north? 

In the northern hemisphere it always appears in tlie 
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north, but ill the smiitliGrii hemisphere it appears in the 
wuth : it seems to originate at oi- near tlie j>oles of tha 
earth, and is consequently seeti in its greatest perfection 
within the arctic and antarctic circles. 

18S1 WhatiilcnovmmBaTningOieexttntofaieaaTOTat 

It is not local, but it is seen simultaneously at places 
widely remote from each other, as in Europe and 
America. 

ISSS Whai cakviaiioss have been mode respecting Ok heigJii of Oie 
aurora t 

The height of the appearances varies from one to two 
hundred miles ; they sometimes appear within the 
region of the clouds, and very near to the earth. 

1883 Do Uie aurorae appear at any particviar stasoru and KjT^es f 
Tliey appear more frequently in the winter than in 
the summer, and are only seen at night. 



The accompaoying flgure represenls one of the most beaaliM of the 
1SS4 Do Ihey also occur in Oie day-timet 

Tlie aurora is known to q^ect the magnetic needle and 
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the telegraph ; and as the effects upon these instruments 
are noticecf by day as well as by night, there can be no 
doubt of the occurrence of the aurora at all hours. The 
intense light of the sun renders the auroral light in- 
visible during the day. 

1885 Of wfiai utility are (hfi auroral appearwnces m the polar regions f 

During the long polar night, when the sun is absent, 
the aurora appeal's with a magnificence unknown in 
other regions, and affords liffht sufficient for many of 
the ordinary out-door erriployments. 



CHAPTEE II. 

GALVANISM. 
Whai is galvanism f 

It is the production of electrical disturbance hy cKemi- 
col action, 

1387 Whai is the most simple manner of iUusirating the production of 
(his eledricityf 

If we place a piece of silver on the tongue, and a 
piece of zinc underneath it, no effect will be produced 
as long as the two metals are kept asunder ; but when 
their ends are brought together, a distinct thrill will 
pass tlirough the tongue, a metallic taste will diffuse 
itself, and, if the eyes are closed,, a sensation of light 
will be evident at the same moment. 

1888 7b what is this result owing f 

To a chemical action developed the moment the two 
metals touched each other. 

The saliva of the tongue oxidizes a portion of the zinc, which excitos 
dectridty, for no chemical action ever takes place without producing elec- 
tricity. Upon bringing the ends of the two metals together, a slight 
current passes from one to the other. 

188S By whom was the production of galvanic electricity first noticent f 
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How falTulo eleotrldty vis dLscovfiied. 

By Galvani, professor of anatomy at Bologna, Italy, 
in 1790. 

Having oct^agion lo disse<!t several frt^ he hang up their hmd legs on 
some copper hix^ until he m[ght find it necessacy to use tbom for illua- 
tratioD, In this manner he liappened to Buspend a number of the copper 
hooka on an iron balcony, when, to his great astonishment, the limbswera 
tlirown into violent convulaipna. 

1880 On invtiUgating the pKeaomaia tnJuU did Galvani disaner 1 

He found that whenever tlie nerves of a frog'e leg 
were touched by one metal and tlie innsclea by another, 
convulsions took place on bringing the two different 
ntetala in contact. 



Thfa is expWned by reference to Fig. 85, which represents a frog's li^^ 
the upper part disaecKd in such a way as to exhibit tiie nerves of the legs, 
and a portion of the spinal marrow. If we now take two thin pieces of cop- 
per and zinc c z, and place one under the nerves, and the other in contact 
with tlie musclea of the 1^, we shall And that so lung as the two pieces 
of metal are sepaiuted, so long will the limbs remain motionless, but by 
making a connection, inslantly the whole lower extremities will be thrown 
into violent convul^ona, quivering and stretching themselves in a manner 
too singular to describe. If the wire is kept closely in contact, tJieso 
phenomena are of momentary duration, but are renewed every time the 
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Origin of the term " galTanism. 
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Fix. 86. 



contact is made and broken. Here, then, we have distinct evidence of 
the presence of free electricity, developed apparently by simple contact^ 

1801 What is the simplest way of exciting a current of galvanic efec- 
iriciiy t 

By arranging a series of metal plates in a 
pile^ placing them in pairs, with a wet cloth 
Detween.them, it bemg necessary that one 
of each pair shonld be nioi-e easily oxidized 
than the other. The simple contact of these 
plates will produce a feeble and continued 
galvanic current. 

Fig. 86 represents an arrangement of this character. 

180S WJiat is such an arrangement of plates for pro- 
ducing electrical currents cdUed f 

A galvanic t>r voltaic battery. 

18D3 Why are the terms ^^gaivanic" and "voltaic'^ 
applied f 

They originated in honor of Galvani and 
Volta^ the Italian philosophers who first de- 
veloped these' phenomena of chemical electricity, and 
the means of producing them. 

1894 Are there many metals or other substances which^ when brought 
together^ are capable of producing galvanic action f 

The number is quite large; «,mong them we may 
enumerate the following : zinc, leaa^ tin^ antimony^ 
iron^ hra^s^ copper^ silver^ gold^ plMvnwn^ hlack lead or 
graphite^ and charcoal. 

18G6 Win any two of these brought together produce a galvanic cwrrent t 

They wUl: but they possess the power in different 
degrees ,' ana the more remote they stand from each 
other in the order above given, the more decidedly will 
the chemical electricity be developed. 

Thus zinc and lead will produce a voltaic battery, but it will be much 
less active than zinc and iron, or the same metal and copper, and this last 
less active than zinc and platmum, or zinc and charcoal. 

18Q0 Does galvanic or voUaic electricity appear to consist of two JdndSj 
positive and negative, as in ordinary electricity f 

It does ; positive electricity always flows from the 
metal which is acted upon most powerfully, and nega- 
tive electricity yr^M toe other. 
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XSS7 What do uw mean ahen vie tpmk of a gaivanic drciat t 
The connection of the two inetals in the battery, so 
that the positive and negative electricities can 7/ieet, 
and flow in opposite directions. 

18@8 At what point tn Oie circuit ibSI Hit tnani/eataiione of eUclridly 
be rnoel appareni t 

At the point where the two currents meet. 

1850 What it meant bj) the polao/ the baUeryt 
Tlie two metale ibrinlng the elements of the battery 
are generally connected by copper wires ; the eTida of 
these wii'es, or the terminal pomis of any other connect- 
ing medium used, are called tlie poles of the battery. 

Tliua, when zinc and copper poles are used, tho end of tlie wire con. 
veying poulive electricity irom tlie zinc would bo the poaitive pole, and 
the end of the wire conveying n^cative electricity from tlie copper plate 
would be the negative pole. Faraday describes the poles of the battery 
as tlie doors by which electricity enters into or passes out of the substance 
HDlTcring decompostion. 

A very simple, and at the same time an active, galvanic circuit may bo 
formed by an arrangcnieiit as re- 
presented in Fig. 87. C and Z are 
thin plates of copper and itinc im- 
mersed in a glass vessel containing 
* very weak solution of sulphuric 
acid and water. Metallic contact 

is made by means of tite wires, X m 

end W, soldered to the plates, the | ▼ 

poles intersecting at Y. The cur- 1 i 

rent of poative electricity, when % 
the drcuit is closed, passes fhim 
the zinc, through the liquid, to the 
copper, and fh>oi the copper, along 
the conducting ynne, to the zinc, 
as Indicated by the arrows in the 

^rure. A current of negative clcc- .• ^u^ 

tricity traverses the circuit also, nt.tn. 

from the copper to the zinc, in a 
direction precisely reversed. 

1900 By what chemical ecHon can the greatest abandonee of pnteoiue 
ekctricily be developed t 

By the oxidation of metallio zinc by weak sulphnric 
acid. 

leoi The eledrieity devdnped by On action of a single pair of plaSf 
tmmiraed in acid tealer u very feeble : Aow can ti be iBweowd t 

By increasing the number' of thejplates and the qnan- 
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tity of the liquid, we iucreaee the intensity of the elec- 
tricity developed. 




FIf.M. 



Figs. 68 and 89 represent some of the most common forms of galvanic 
batteries. In Fig. 88 two platea of zinc, z 2, inclosing a piece of silver 
between them, are immeraed in a glass cylinder, Q, containing acid ; S 
apd A repreaent the poles of the battery. In i)'g. 89 the battery con- 
nisls of two concentric cups or cylinders of copper, C, and a cylinder of 
zinc, Z, fitting between. Tlie acid solution is poured into tlie spaces be- 
tween the cylinders. Another form consists of an earthenware troiigli, 
containing acid, in wliicii alternate plates of copper and sine are arranged, 
and connected together by wires rising from each end of the trough, 

lOOS What are Ihe most ordinary efecls prodaeed by Oie deeetoped 
dedricity of a large galvanic balieryt 

The production of sparks and hrilliant flashes of 
light, tne lieating and fusing of metals, the deflagration 
ot gunpowder and otlier inflammable snbstances, and 
the decomposition of water, Baline compounds, and 
metalUc oxides. 

1S03 Horn 'may ihe mosl splendid artificial lighi known be produced t 
By fixing pieces of pointed charcoal to the wires 
connected witli. opposite poles of a powert'ul galvanic 
battery, and bringing tlieiii into contact. 

1804 Can ititense heat be developed by the action of the g(dvanic bat- 
tery as KeU as intense Ught t 

The greatest artificial heat man has yet succeeded in 
producing has been througli the agency of the galvanio 

1906 What refraeiory suisiancea can be fused by Oie aid of 13k gal- 
vanic battery t 

All the metals, including platinum, can be readily 
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melted ; quartz, sulphur, magnesia, slate, and lime are 
liquefied ; and the diamond fuses, boils, and becomes 
converted into coal. 

ISOd Whai is dectrotypingj or dectrtMnetaUurgy f 

It is the art or process of depcmting^ from a metaUio 
solution^ through the agency of galvanic electricity, a 
coating or jU/m of metal upon some other substance. 

1007 Upon whcU principles is it accomplished t 

The process is based on the fact, that when a galva- 
nic current is passed through a solution of some metal, 
as a solution of sulphate of copper (sulphuric acid and 
copper), decomposition takes place / the metal is sepa- 
rated in a metallic state, and attaches itself to the nega- 
tive pole, or to any substance that may be attached to 
the negative pole; while the acid or other substance 
before in combination with the metal, goes to, and is 
deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached 
to the negative pole, may be covered with a coating of copper ; if the 
solution had been one containing silver or gold, the substance would 
have been covered Vith a coating of silver or gold instead of copper. 

1G08 How can the thickness of the deposits be regulated f 

The thickness of the deposit, providing the supply 
of the metallic solution be kept constant, will depend 
on the length of ti/nie the object is exposed to the tnjl/ur- 
ence of the haUery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can 
be laid on, or it may be made several inches or feet in thickness, if 
desired. 

The process of electrotyping has been strikingly taken advantage of in 
reproducing expensive engraved plates, as the map-plates of the Coast 
Survey of the United States. The plate of the map, usually on copper, is 
frequently the work of years under the hand of the engraver, the cost 
being counted by thousands of dollars. If the plate, when finished, were 
prirUed on direcUy^ the pressure of the paper a few hundred times would 
eoon oMUercUe the faint lines of the engraving on the metal, and the plate 
would soon become Injured or spoiled. But now the original plate is 
never printed on, but an electrotype on copper is taken firom it, at a very 
small expense ; and this may be repeated almost indefinitely, thus afford- 
ing fresh plates for printing whenever required* 
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CHAPTER III 

MAGNETISM. 
1909 Is there any connection between magnetism and dectricUy f 

There is every reason to believe that magnetism and 
electricity are but modifications of one force. 

IGlO WhaX is a loadstone or a naiural magnet t 

It is an ore of iron^ known as the '^ protoxide of 
iron^^ or " magnetic oxide of iron^^ which is capable 
of attracting other pieces of iron to itseU*; and if sus- 
pended freely by a thread, and left to take its own po- 
sition, it will arrange itself so that its extremities will 
point towards the north and south poles of the earth. 

lOll Are naiurai magnets rare t 

They are not / they are fouiid in many places in the 
United States. In Arkansas^ especially, an ore of iron 
possessing remarkably strong attractive powers is very 
abundant. 

The magnetic ore is usually of a dark 
grey hue, and possesses but little me- 
tallic lustre. Fig. 91. If a piece of this 
ore be dipped in iron filings, or a number 
of small needles, they will generally be 
found collected and clinging together in 
great quantities at two opposite extremi- 
ties, as represented in the figure, whilst 
the middle portion is nearly destitute. 
The magnetic property, whatever it may Fig. 91. 

be, seems therefore to be collected and act 
with the greatest energy at two opposite extremes; these have been 
termed poles. 

191S What is (he origin of the terms " magneC^ and " magnetism f " 

Tlie loadstone or natural magnet was firet found at 
2fagnesiay in Lydia, Asia, whence were derived the 
names. 

3.G13 Can a natural m/ignet communicate its attractive properties to 
9ther bodies by contact t 

It can, and that too without any apparent loss of 
attractive strength. 
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What bodies are capable of being magnetized by contact with 
natural magneie t 

Iron and sted are the substances most susceptible of 
this influence, but brass, nickel, and cobalt can also 
become magnets. 

1B16 Doee the magnetiam imparted to a piece of soft vrorij or steely by 
coniad loith a miturai magriet, remain permanent in their substances t 

In the sted it does^ but the soft iron loses itsjpower as 
soon as it is removed from the magnet. 

1816 ]a it necessary that absolute contact should taUce place belween a 
magnet and a piece cf soft iron to render the latter a magnet t 

No, every piece of soft iron brought near a magnet 
becomes by induction itself a magnet. 

1017 What dc you mean by induction f 

It is the production of like effects in oonU^tious bo- 
lus. In electricity or magnetism, it is the mfluence 
exerted by an electrified or magnetized body through 
a non-condncting medium without any apparent com- 
munication of a current. 

1018 What is meant by (he directive power of the magnet f 

It is that power which will cause a magnet, when 
suspended freely, to constantly tv/m the same part to- 
wards the nortn pole and the opposite part towards the 
south pole of the earth. 

1O10 WhjoX are the poles of a magnet f 

Tlioy are the ends of the magnet, and are denomi- 
nated north and south poles, according as they point to 
the no. th or south poles of the earth. 

leSO What are the poles of the earth f 

The extremities of the ea/rtKs axis^ or the points on 
the surface of the globe through which the axis passes. 

10231 What is a magnetic needle f 

Simply a bar of steel which is a 
magnetj suspended in such a way 
that it csLnjreely turn to the north 
or south. 




ris. SI. 



1023 What is a mariner*s compass t 

It is a delicate sted bar or 
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needle balanced upon a. pivot placed beneath its centre 
of gravity in Buch a way that it can tnrn horizontally 
without obstruction. This needle is usually inclosed in 
a box, upon the bottom of which is a card, with the^ 
various points- — north, sonth, east, west, etc., etc., 
marked upon it. 



Sucb a needle, if the box containji^ it be plticed on a level surface, will 
(centrally be observed to vibrate more or leas, till it settlea in such a 
direction that one ef ila extremities or poles will point towards the nortli, 
and the olher conre^ueDtly towards tlie south. If the position of the box 
be altered or reversed, tlie needle will always turn and viiirat« again, till 
itB poles have atlaineii the same direction as before. 

1@!33 Does the compass needle alviays point eaacSy ■norih and smdh t 
It does Tiot ; its natural direction is towards the north 
and south poles, but it seldom points due north or 
south. 

10S4 Who first discovered (he fad Ihal a magnet tnoM muorjoWy 
point to Ote nin-Si and Ike south, and made use oj this knowledge in constract- 
ing a ctmpass t 

It is claimed to have been discovered by the Chiriese: 
it was known in Europe, and used in the Mediterranean, 
in the thirteenth century, 

ISSO Hon? mere the compasses of thai time cgnstrurted t 
They were merely pieces of loadstone fixed to a cork, 
which floated on the surface of water. 

1S36 ts the earth itself supposed lobe a maqnett 
It is nadoubtedly a great magnet. 
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How iron bars become magnetic. Horse-shoe magnets. 

19S37 Js iron under certain circumstances rendered magnetic by the 
inductive action of the earth's magnetism t 

Most iron hars and rails^ as the vertical bars of win- 
dow*, that have stood for a considerable time in a per- 
pendicular position, will be found to be magnetic. 

192S If we suspend. a bar of soft iron sufficiently long in the air^ wHl it 
assume magnetic properties f 

It will gradually become mxignetic ; and although, 
when it is first suspended it points indifferently in any 
direction, it will at last point north wad south. 

19S9 How vrvay a bar of iron, such as a kitchen poker, be made im/me- 
diaiely magnetic^ withovi resorting to the use of other m/ignetst 

If the bar devoid of ma^etism is placed with one 
end on the ground^ slightly inclined towards the north, 
and then struck one sinart blow with a ham^mer upon 
the upper end, it will immediately acquire polarity, and 
exhibit the attractive and repellant Droperties of a 
magnet. 

1G30 What is a horse-shoe magnet f 

It is a mxigiietic ba/r bent into iheform of a horse-shoe. 

When a piece of iron not mag^netic is brought in 
contact with a common magnet, it will be attracted 
by either pole ; but the most powerful attraction 
takes place when both poles can be apphed to the 
surface of the piece of iron at once. The magnetic 
bare are for this purpose bent into the shape of the 
letter U, and are termed horse-shoe magnets. 
Several of these are frequently joined together 
with their similar poles in contact ; they then con- 
stitute a magnetic battery, and are very powerful, 
either for lifting weights, or charging other mag- 
K«. 93. nets. (See Mg. 93.) 

1G31 Jfwe break a magnet across (he middle, what happens t 

Each fragment becomes converted into a perfect 
m^net; the part which originally had a north pole 
acquires a south pole at the fractured end, and the part 
which originally had a south pole, gets a north pole. 

loss If we divide up a magnet to the extreme degree of mjechmdcal finer 
ness possible, wiU the pieces possess magnetic powers f 

Each fragment, however small, will be a perfect 
magnet. 
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Electro-magnetism. When and how discovered. 



CHAPTEE lY. 



ELECTRO-MAGNETIfiM. 



1933 Whaiis dedro-magnetismf 

It is the magnetism developed through the agencj 
of decirical or galvanic action. 

1G3'4: What viere the earliest phenomena observed which indicated a 
relatUm between magnetism and electricity f 

It was noticed that ship^s compasses have their direc- 
tive power impaired by lightning, and that sewing 
needles could be rendered magnetic by electric dis- 
charges passed through them. 

1035 What discovery^ made by Prof. Oersted of Copenhagen^ esta- 
blished beyond a doubt the connection of electricity and magnetism f 

He ascertained that a magnetic needle placed near a 
metallic wire connecting the poles of a galvanic battery 
was compelled to change its direction, and that the new 

direction it assumed was deter- 
% ^ *„ mined by its position in rela- 

T w^«= ? I ^C!j tion to the wire and to the di- 
rection of the current trans- 
mitted along the wire. 

Thus, if, as in Fig. 94, a needle be in- 
Flg. 94. closed in a wire not touching it at any 

point, and a current of electricity pass 
through the wire, the needle will be made to move in accordance with the 
direction of the current 

1036 What other important discovery was vnade about (he same 
iimef 

It was found that if a piece of soft iron, not possessing 
magnetic power sufficient to elevate a grain weight, be 
placed within a coil of copper wire mrough which a 
galvanic current is passing, it will become, through the 
mfluence of the current, 2i powerful magnet , and will, 
so long as the current flows, sustain weights amount- 
ing to many hundreds of pounds. (See rigs. 95 and 
96.) 
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Excitation of Magnetism. Morse's Magnetic Telegraph. 





Fig. 94. FiR. 9Eu 

1G37 Is (ke moffnetic power of the bar found to be whoUy dependent on 
(he ezvstence of the curread f 

It w/ the moment the current stops, the weights 
fall away from the bar in obedience to the law of 
gravity. 

193S How great weights have been lifted by magnets formed in this 
mannei't 

An electro-magnet constructed by Prof. Henry was 
capable of elevatmg and sustaining about a ton weight, 

1630 Upon whai principle does the construction of the Morse magnetic 
tdegraph depend f 

Upon the principle that a curi'ent of electricity circu- 
lating about a bar of soft iron is capable of rendering it 
a magnet 

The arrangement by which this principle is made available in the con- 
struction and operation of the Morse magnetic telegraph will be under 
stood by reference to the accompanying diagram (Fig. 96^ which repre* 
sents the construction and arrangement of this form of telegraph. F and 
£ are pieces of soft iron surrounded by coils of wire, which are connected 
at a and b with wires proceeding from a galvanic battery. When a cur- 
rent is transmitted from a battery located one, two, or three hundred 
miles, as the case may be, it passes ^ong the wires and into the coils sur- 
rounding the pieces of soft iron F and E, thereby converting them into 
magnets. Above these pieces of soft iron is a metallic bar or lever. A, 
supported on its centre, and having at one end the arm D, and at the 
other a small steel point, o. A ribbon of paper, p h, rolled on the cylinder 
B. is drawn slowly and steadily off by a train of clock-work, K, moved by 
the action of the weight P on the cord C. This clock-work gives motion 
to two metal rollers, G and H, between which the ribbon of paper passes, 
and which, turning in opposite directions, draw the paper from the cylin. 
der B. Tlie roller H lias a groove around its circumference (not repre- 
sented in the engraving) above which the paper passes. The steel point 
•, of the lever, A, is also directly opposite this groova The spring r pre- 
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Tglegnpb, nugoeHc, prlodpliis oC IntalllgeDn, bow eonveyed by. 



FlK. 9B 
Teats the point from resting upon the paper wtiec the telegraph in not in 
operation. ^ 

104O Why in it necessary, in amvffj/ing the telegraph vnres, to support 
them npon glaea or earthen q/linders t 

These are used for the purpose of insuring the perfect 
insuUiiion of the wires, since but for this tlie electricity 
would pass down a damp pole to the earth, and be lost. 

1941 la (here any trtiih in the idea that many persons Aoife, thai acme 
principle passes along the telegraphic wires when inteiligence is transTnitied f 

This supposition is whoUi/ erroneous; the word cur- 
rent, as something flowing, conveys a false idea, but wo 
Lave no other term to express electrical progression. 

194S ffow can toe join an idea of what really lakes place, and of Ike 
aatare of the infiueTux Iransntilffd t 

The earth and all matter are reservoirs of electricity ; 
if we disturb this electricity at Boston by voltaic influ- 
ence, its pulsations may be felt in New lork. Suppose 
the telegraphic wire were a tube, extending from 
Bosto^ to New York, filled with water. Now, if one 
drop more is forced into it at Boston, 3 drop must fall 
out at New York, but no drop was caused to pass from 
Boston to New York. Something similar to this occurs 
ia the traosmission of electricity. 
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What Ifl starch t How mannfactored f 



PAKT IX. 

FAMILIAR CHEMISTRY. 



■♦♦♦- 



ie43 Whatis starch? 

The name starch is given to a mealy svhstance which 
is deposited in most vegetables at the time of ripening, 
from the juices with which the cells of the plants are 
fiUed. 



Whai. common vegetable especially abounds in starch f 

Tlie potato / which consists entirely of cells filled 
with starch and water. 

A cell is a little membranous bladder filled with a solid or fluid sub- 
stance. 

1046 Why does ike laundress find it necessary to boil starch before 
using it for stiffening linen^ etc. f 

The starch, consisting of little granules, is insoluhle 
in cold water ; but when acted upon by hot water, 
the granules burst and allow their contents, which ai'e 
soluble, to become mingled widi the water. 

Starch is manu&ctured as follows : — 

Potatoes, for example, from which most of the starch of commerce is 
manufactured, after being pared, are grated to a pulp. This pulp is put 
upon a sieve and stirred about, while at the same time a little stream of 
water is made to flow upon it. A milky liquid runs through the sieve, 
but the fibrous portion of the potato, the vegetable tissue, remains behind. 
This liquid, after a short interval, deposits a white powder, which is the 
starch. By the simple process of tearing up the vegetable tissue, and 
removing the inclosed starch by washing, this substance may be procured 
fix)m a great variet}'^ of plants. 

1946 Why do potatoes^ beans^ rice^ and most of the common vegetables^ 
swell up wh£n boiled with water t 

Because the starch absorbs water at the boiling tem- 
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Composition of wheat floor. Acids. Alkalies. 



perature, which causes the cells to aioeU^ thereby giv- 
ing to the vegetable a rounded appearance. 

104:7 What is the composition of wheat flour f 

Starch is one of the prmcipal constituents of wlieat 
flour, as well as of all other kinds of meal. The other 
principal constituent is a grey, tough, viscous sub- 
stance, called gluten. 

1048 7b what does paste, rriade of wheat or rye flour, owe its adhe^ 
tiveness f 

In some measure to the starchj but principally to the 
gluten contained in it. 

1040 Can starch be converted into gum and sugar t 

It can / fruits and plants effect this change natvr 
rally : we can also produce the change artiiicially by 
chemical trocesses. 

105O 'Why are potatoes frozen and (hawed sveet f 

Because by the freezing action, the starch of the po- 
tato is in part converted into sugar. 

1061 Why are apples, pears, grapes, etc., in (heir unripe siaie sour, 
and in tJieir ripe condition sweet t 

Li the unripe fruits mentioned starch is present ,' in 
the ripe fruits it is absent ; in the process of ripening 
the starch is coiwerted into sugar^ and the fruit losing 
its sour taste, becomes sweet. 

10S3 Whai are acids f 

Acids are substances which excite the taste of sour- 
ness when applied to the tongue ; they change the hlv^ 
juices of vegetables to red^ and combine with alkalies 
to form neutral compounds. 

10S3 WhaJi is an aXkali? 

An alkali is a body that possesses properties the 
converse of those of an add. It has a highly hitter^ 
acAd taste^ changes the blue Juices of vegetables green, 
or the juices of vegetables which have been changed 
red by an acid, back again to blue. Potash and soda 
are the representatives of the alkalies. 

10C4: When sulphur is burned in (he air what is Oie product formed f 

Sulphurous acid. 
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Sulphorlo, nitric, and mnriatio acids. Sulphuretted hydrogen. 



10S6 WhcU causes the suffocaiing odor of a lighted brimsione match f 

Tlie sulphurous acid generated by the combustion 
of the sulphur. 

1.0S6 Whai is sulphuric acid or oU of viiriol r 

It is a compound of sidpAur and oxygen^ containing 
one-third more oxygen than sulphurous acid. 

1.QC7 Whai is sulphuretted hydrogen f 

A gas fonned bv the union of sulphur and hydrogen. 
It possesses an oflfensive odor, and is very poisonous. 

19G8 ffow is sulphuretted hydrogen formed in nature t 

Principally from the decomposition of animal evih 
stances^ as blood, flesh, hair, etc. 

106S Why does the yolk of an egg tarnish a silver spoon t 

Because it contains a litUe sulphur^ which, at the 
temperature of an egg just boiled, will decompose the 
water or moisture upon the spoon, and produce siUr 
phuretted hydrogen gas^ which will tarnish silver. 

Both the white and the yolk contain sulphur, but tlie latter the most 
abundantly. 

1660 WJuU is it that makes an open or fovl sewer so destructive of 
heaWi to any district in which it may be situated t 

The evolution of sulphuretted hydroaen. When in- 
haled, it acts directly upon the blooa, thickening it, 
and turning it black. 

1061 Why do surfaces painted with lead paints^ in the vicinity ofseW' 
erSf soon turn bUickj or become discolored f 

Through the action of sulphuretted hydrogen. 

1962 What is nitric a^cid t 

Nitric acid, or aqua-fortis, is a compound of five 
parts of oxygen and one of nitrogen. 

It is a liquid ; when pure, colorless^ and highly corrosive ; it attacks al* 
most all dead, unorganized substances, and destroys living tissues. 

1G63 Whai is muriatic^ iyr^ more properly^ hydrochloric acid? 

A compound of hydrogen and chlorine usually pre- 
pared from salt. It is an acid much used in the arts. 

1964 What is " lunar caustic ?" 

A compound of nitric acid and oxide of silver. 

1965 Whyy when lunar caustic is applied to the fleshy does it bum and 
destroy it f 
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lining of bides to form leather. Vinegar AlcohoL Yeast 



TliTOugh the agencj^ of the nitric acid contained in it. 

Id66 Do plants prodvce acids f 

Acids are formed in the vegetable kingdom in great 
ahundance ; they especially exist in unripe fruits, im- 
parting to them a sour taste. 

Acids formed from mineral substances are called "mineral acids;'* 
acids formed by or from vegetable substances are called " organic acids." 

1GG7 Why does tanning hides convert them into leather t 

Hides are steeped in water, with ground bark of the 
oak, hemlock, or other trees ; these barks contain large 
quantities of ta/nnic acid, which combines with tiie 
skin of animals, and forms a combination which is in- 
soluble in water and not subject to putrefaction — viz. 
leather. 

1QS8 What is ordinary vinegar t 

An acidj called acetic a^cid^ and water. 

IGQQ Jf ioine or beer be imperfectly corked, why does it rapidly turn 
sourf 

Because air gets into the liquor, and the oxygen of 
the air combining with the alcohol of the liquor pro- 
duces acetic acid, or vinegar. 

1Q70 Wliat is alcohol t 

Alcohol is the spirit existing in wine, beer, cider, 
etc., obtained in t/ie process qfjermentation. 

1971 WluU is a ferment f 

A ferment is a substance containing nitrogen in a 
state of decomposition^ which is able to excite fermen- 
tation in solutions of sugar; old plieese, putrefying 
flesh, blood, etc., all of them are ferments. 

1073 What is yeast? 

Wq apply the term yeast to a particular species of 
ferment ; the foam of heer (or of some similar liquor), 
produced \y^ fermentation. 

1973 Can you explain why it is thai a body in a state of fermentation 
or putrefaction should cause unlimited quantities of similar maiter to pass 
into the same state f 

We only know the fact : the reason we are ignorant 
of The most minute portion of milk, paste, juice of 
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grapes, flesh, or blood, in a state of fermentatioD or 
putrefaction, causes fresh milk, paste, grape juice, flesh, 
or blood, to pass into the same condition, when in con- 
tact with them. 

1G74 In storing or packing fruit for future use why is it necessary la 
"ftarefuUy remove every decayed specimen t 

Because the decayed portions of one specimen will 
iquickly communicate decay to the fresh fruit in contact 
with it, and soon the whole mass of fruit will become 
putrescent. 

1970 If in a vesssl, or any other structure^ one timber becomes decayed 
what course ought to be adopted t 

It should be removed immediately^ or the decompo- 
sition once commenced will in time affect the whole 
structure. 

It sometimes happens that physicians, in dissection, are seriously pot- 
Roned by the slightest cut of a knife which has been used upon the dead 
body. The knife introduces to the healthy blood, through the wound, 
a minute portion of matter in (he state of decomposition or putrefaction. 
This acts as a fermenif and causes the healthy matter in contact with it 
to pass into the same decomposed state. The action once commenced 
rapidly extends, until the whole body becomes affected, and death ensues. 
It is almost impossible to heal wounds of this character. 

107O Why is it especially dangerous to eat fruit or meats partially 
decayed f • 

Because the decayed jportions of the substance eaten 
are liable to induce the same condition in the healthy 
organs of the stomach with which they may come in 
contact. 

It? 77 Why do fruit preserves frequently turn sour f 

Because, owing to the action of some fermenting 
substance present either in the fruits themselves or in 
the air, the sugar used in preserving is converted into 
alcohol, and the alcohol into vinegar. 

1G78 Why does the housewife scald her preserved fruits to prevent fheii^ 
turning sour f 

Because fermenting substances and fermenting ac-» 
tion are destroyed by a boiling temperature. 

1979 Why do we keep preserves^ beer^ dder^ or other substances Uahl^ 
to turn sour^ in a coot place f 

Because a depression of temperature arrests fermer^ 
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What Ifl ether t Disinfecting agents. 



tation^ though it does not prevent its renewal when the 
temperature is increased. 

leSO Whatisetkerf 

Ether is a product obtained by distilling strong alco- 
hol and svlphv/ric add. The product is called sul- 
phuric ether, but it does not contain sulphuric acid, 
nor has it any sulphur in its composition. 

It^Sl Whai are Vie properties of ether t 

It is an exceedingly volatile^ injlam/mahle body, pro- 
ducing insensibility when inhaled, and readily dis- 
solving all fatty and oily bodies. 

1982 Why will ether reinove spots of oiZ, paint, or grease from gar* 
mentsf 

Because it is a solvent for all greasy, oily matters. 

1983 WJiat are the test agents for deprimng putrid and decaying 
animai and vegetable substances of their offensive odors f 

Chloride of lime is the most eflfectual agent ; and 
chloride of zinc and sulphate of iron (green vitriol) are 
also exceedingly efficient. On a large scale, as in the 
sanatory cleansmg of towns, pulverized charcoal, burnt 
clay, and quicklime, are to be recommended. 

1984 Whai effect does the us^ of perfumes or the burning of pastHea 
have upon offensive odors t 

They merely disguise the odor, but do not remove or 
destroy it. 

1986 By adopting whai precautions may a person safely enter sick 
rooms, or visit, withotU risk, the mjost dangerous recepUncles of filth f 

By moistening a linen cloth with vinegar, and sprink- 
ling over it finely-powdered chloride of lime. 

Air breathed through this, applied to the mouth and nostrils, will enter 
the lungs charged with a minute quantity of chlorine, which will eflTec- 
tually destroy any noxious vapors or miasms that escape from diseased 
bodies, or from decaying animal and vegetable substances. 

1988 What three conditions are requisite to produce putrefaction in 
animai and vegetable substances t ^ 

It is neceesary that they should be exposed to the 
combined influence of air^ heat^ and mmsture. 

1987 Why M a substance preserved from decay by drying, orbyths 
exdusion of cur from it f 



808 SCIENCE OF COMMON THINGS. 

• ^ "- .— « ^ __ 

How smoking preserres meat What is albumen ? 

Because by so doing we remove the nwisttire and air 
essential to the process of decay. 

1088 Why does the smoking of fish or fl^sh contribute to their pre- 
terocElvon f 

Because the volatile matters of the smoke, such as 
creosote, pyroligneous acid, and the like, effect a 
species of chemical combination with the fibre of the 
ineat, and with the substances contained in tlie natural 
juices of the flesh, which combinations are less liable 
to decay than the substances tliemselves. 

1Q8Q WhatisaOmmmf 

Albumen is an animal svbsta/nce as well as vegetable. 
It exists most abundantly, and in its purest natural 
state, in the white of an egg^ from whence it derives its 
name {album ovi)y wliich is the Latin for the white of 
an egg. 

The serum or fluid portion of the blood (which, after exposure to the 
air, is separated from t\\B more solid part) the vitreous and crystalline 
humors of the eye, the brain, the spinal marrow, and nerves, all contain 
albumen. 

lOOO W?uU is the yoUc of an egg f 

This also consists of albumen, but contains m addition 
a yellow oil^ which imparts to it its color. 

1661 Why is meai tough which has been boiled too long f 

Because the albumen becomes hard, like the white 
pf a hard-boiled egg. 

The best way of boiling meat to make it tender is this ; Put your joint 
fni very brisk boiling water; after a few minutes add a little cold water. 
The boiling water will fie the albumen, which will prevent the wateb 
from soaking into the meat, keep all its juices in, and prevent the 
muscular fibre from contracting. The addition of cold water t\t11 secure 
the cooking of the inside of the meat, as well as of the surface. 

IQOS Why is meat always tough if it be put into the boiler before the 
water boHs t 

Because the water is not hot enough to coagulate the 
albumen between the muscular fibres of the meat, 
which therefore runs into the water, and rises to the 
ftm'face as scum. 

1GQ3 Why is iJiefiwh of old animals tough f 
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What iB a poison ? Arsenic. Certainty of its detection. 

Because it contains very little albumen, and much 
muscular fibre. 

1&S4: Whai is a poison f 

A poison is any agent capable of producing a dan- 
gerous effect upon anything endowed with life. 

1Q96 In cases of poisoning by svhstances taken inio the siomach, whai 
course shovM &e pwrsued^ in the absence of medical attendance f 

The first step is to evacuate the stomach by means 
of powerful emetics, and when vomiting has taken 
place, warm water and the white of eggs may almost 
always be given with advantage. 

10Q6 Can poisons administered for criminal purposes be ahnosi 
certainly detected f 

They can; chemical science within the last few 
years has made such advances, that the most minute 
quantities of all the best known poisons can be detected 
with certainty long after death. 

There is no poison so liable and certain to be found as arsenic, and in 
almost every case of poisoning with mineral poisons, science is enabled to 
detect the substance, even when life has been extinct for years, and the 
body nearly decomposed 

1Q©7 Whai is arsenic? 

Metallic arsenic is an exceedingly britHe metal^ of a 
steel-grey color. It vaporizes, when heated, with a 
strong odor of garlic, a property not possessed by any 
other metal. 

The substance used as poison, and sometimes known as ratsbane, is 
ars^ious acid, a compound of arsenic and oxygen. Arsenlous acid haa 
the form and appearance of a fine white powder. 

1QQ8 Whai is (he best remedy in cases of poisoning with arsenic t 

The hydrated peroxide of iron (iron rust)* is con- 
sidered the best remedy. 

1Q09 Jbleadapoisonl 

* The following is the best method for preparing this substance: 
Take common copperas (sulphate of iron) four ounces ; dissolve in warm 
irater in a glass, or porcelain dish, and add a small quantity of sulphuric 
Itcid, and afterwards ammonia solution, so long as a dense red precipitate 
is formed. This precipitate carefully strained off, and thoroughly washed 
in a filter with water, is hydrated peroxide of iron. So long as kept 
3uoist, it may be preserved for a great length of time. 
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Lead pipes, how poison water. Yerdigris. Calomel. 

Lead and nearly all its conapounds are dangercnc^ and 
secret poisons ; when received into the system, it fre- 
quently remains dormant for years, and then suddenly 
manifests itself in various forms of disease. 

2000 What ie the disease caMed "painters' colic f " 

A disease to which painters and others worJcina in 
lead are liable^ in consequence of receiving into their 
system, imperceptibly, portions of lead. 

SOOl Is it dangerous to sleep in^ or hreathe the air off a room newly 
painted with paints containing lead t 

It is highly dangerous^ since the air is filled with a 
vapor of the lead compound used as paint. 

2002 Why are some waters^ when conveyed through lead pipe^ 
poisonous? 

Waters which are very pure and contain mioch oxygen 
dissolved in them ; waters which contain nitric acid 
compounds, such as those flowing from the vicinity of 
bara-yards, manure heaps, and those which contain 
common salt or organic matter^ as water flowing from 
swamps and fields ; waters containing soluble car- 
honates — all dissolve lead from the pipes through 
which they may be made to pass Constant use of 
such waters, in the process of time, will introduce suffi- 
cient lead into the system to produce disease, which is 
often attributed to other causes. 

2003 What is verdigris t 

Verdigris is a compound of copper, oxygen, ajid 
acetic acid. This, and all the compounds of copper, are 
very poisonous. The most efficacious antidotes for 
poisoning with copper are, white of eggs and milk. 

2004: What is calomel? 

It is a compound of two parts of menmry united to 
one of chlorine^ forming the sub-chloride of mercury. 
The preparation commonly known in medicine as " blue 
pill," is a preparation of mercury. 

S005 Whcd is corrosive sublimate t 

A compound of mercury a/nd chlorine united in equal 
proportions, forming the perchloride of mercury. 
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2006 Are both these compounds^ calomel and corrosive siiblimaie, 
poisons? 

They a7'e / corrosive siiblimate, especially, is a most 
deadly poison. In case of poisoning by it, die most 
effectual antidote is white of eggs. 

SOOT Whai is the process of preserving wood from decay ^ commonly 
termed " Ryanizing t " 

It consists in satn/rating the fibres of the wood with 
a solution of corrosive swlimdte. 

Poisonous substances, and corrosive sublimate especially, have the pro« 
perty of protecting animal and vegetable substances from decay. Tlie 
skins of stuffed birds and animals, and the plants of a herbarium, may be 
protected from insects and decay, by washing them with a solution of cor- 
rosive sublimate. It should not, however, be forgotten, that these sub- 
stances by such treatment become themselves poisonous. 

S008 WJiai is contagion f 

We apply the term contagion to that sitbUe matter 
which proceeds from a diseased person or hody^ and 
which cammunicates the disease to another person or 
body. 

Contagion differs from miasm in being the product of disease, and in 
reproducing itselC 

SOOQ" What is miasm or miasmata t 

Miasm or miasmata is the product of the decay or 
putrefaction of animal or vegetable substan^ces^ and 
causes disease without being itself reproduced. 

Contagion occasions disease in the same way that yeast excites fermen- 
tation. Miasm often acts, by its chemical properties merely, as a poison. 

2010 Why are contagious diseases sometimes communicated to indi- 
viduals who mei'dy approach the vicinity of diseased persons^ btU do not come 
in contact with or even see them f 

Because the air itself, which has been in contact with 
the diseased persons, carries with it the seeds or germs 
of infection^ and thus communicates disease, sometimes 
at great distances. 

soil Why are not ail persons affected alike when exposed to similar 
contagious diseases f 

Contagious matter is not capable of producing dis- 
ease, unless a compound is present in the system, capable 
of ieing decomposed by contact with the exciting body. 
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Bnaeeptlbillty to oontagion. 



Kntrltlye Taltie of food. 



S01S3 W?uit do we mean by susceptibility to contagion t 

We mean that tlie hlood of a person contains aiib* 
stances by the decomposition of which the exciting body 
or contagion can be reprodiused. If these substances 
are not present, and if tne system be perfectly healtliy, 
contagion will fail to produce disease. 

S3013 What is the reUUive nvtrUive value of the different kinds of meat 
msfoodf 

The relative nutritive value of the different meats for 
food is as follows: heef is the most nutritioiis; then 
chicken^ pork^ mutton^ and veal. 

S014k WJiai varieties offish are the most nutritious t 

The haddock^ the herring^ the salmon^ and the edy in 
order. 

8016 What vegetable of ordinary consumption is ih$ most nutritious f 

The cabbage. 
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A.B80SPnoN of light, 261 

of heat, 172 
Abutment, what is an, 45 
Acetic acid, 805 
Acids of plants, 305 
Acid, what is an, 308 
Action and reaction, explained, 28 

illustrations ol^ 28 
Adhesion, what is, 12 
Adult, oxgyen respired by an, per hour, 

209 
Aerolites, general appearance of^ 95 
definition of 94 
velocity of, 95 
weight oil 95 
Affinity, what is, 198 
Air, always contains moisture, 91 
in motion, 212 
breathed twice unwholesome, 205 
condensed by cold, 75 
currents of. in an occupied room, 212 
exists in all water, 55 
expanded by heat, 75 

proof of, 75 
iresh, how much required per hour 

for breathing, 210 
heated, ascends, 204 

how proved, 205 
how ascends in chimneys, 215 
how escapes A'om the lunea, 73 
how heated and cooled, 7^ 75 
impenetrable, 68 
in motion, why feels cool, 158 

spring, why chilly. 188 
necessary for the production of sound, 

porous, 68 

atmospheric composition ot, 68 

weight o^ 69 

how proved, 69 
when rarefied, 70 
AJbuiBfen, in eggs, 806 



Albumen, in meat, 808 
what is, 808 
Alcohol, what is, 865 
Alkali, what is, hos 
An^le, definition of; 251 
Animals, change of color in winter of; 274 
color of arctic, 175 
distribution of, 142 
foretell changes in the weather. 

118 
the strongest, 88 
Apples, nnripe, why sour. 808 

when sour and wnen sweet, 303 
Aqueducts, principle of construction of, 50 
Aqna-fortis, what is, 804 
Architecture, defined, 41 

origin of the varietiea ot^ 41 
Architrave, 47 
Arsenic, poisoning by, 809 

what is. 809 
Arch, what is, 48 

when invented, 43 
Ashes, how preserve a fire, 228 
Atmosphere, amount of carbonic add cm 
in, 207 
height of, 70 
not invisible, 69 
pressure of, 71 
what is the, 69 
Atom, what is, 5 
Attraction, what is an, 11 
Aurora borealis, cause of, 2S7 
height of; 288 
occurs by day as well aa 

by nisrht, 2S9 
utility of, 289 
what is, 287 
where seen, 287 
Avoirdupois weight, origin uf; 20 
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Ball, ttlastic, why reboundSi 28 
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Balusters, what aro, 45 

Balloon, why rises in the air, 18 

Baric, how especially adapted as a coyer 

inf( for trees, 157 
Barometer, constnicUon of; 102, 108 

heat and cold no effect on, 118 
how differs fh>iii a thermo- 
meter, 104 
how invented, 101,108 
tube, whv left open, 104 
use of; for determining the 
state of the weather, 102 
Base of a colimin, 46 
Battery, galvanic, 291 

poles of, 292 
Beams, strength of in different positions, 

86 
Bed coTerings, the warmest, 218 

india-rubber, why not used 
for, 218 
feather, safe place in a thunder storm, 
288 
Beer, why turns sour, 805 
Bell, cracked, why discordant, 119 
metal, composition of, 116 
sound of, stopped by touching it, 118 
Bellows, use of in kindling a fire, 229 
Birds, how enabled Ut fly, 26 

why stretch out their necks in fly- 
ing. 27 
Black, the absence of color, not a color, 
270 
why some bodies are, 270 
Blankets, why warm, 14S 
Blood, arterial and venous, 287 

color of, 287 
how affected by oxygen, 205 
Blowers,' of grates, &c., use of, 217 
Boats, lire, how prevented Arom sinking, 

Body, a, how for it can foil in one second, 
23 
what is a, 4 
Boiling point, influence of atmospheric 
pressure on, 157, 16S 
of a liquid, 155 
Bones, hollow cylinders, 87 
Boots, why cannot a man raise himself by 

pulling on the straps of, 23 
Bottle, why gurgles, 78 
Bottles of ale and cider, why frequently 

burst, 74 
Bono nets, arrangement of flowers in, 278 
Breakers, what are, 61 
Breath, why visible in winter, and not in 

summer, 89 
Breathing on glass, why dulls it, SS 

whv diflicult at a very high 
elevation, 72 
Bricks, burned, why red, 89 

why used for lining stoves and fhr- 
naces, 151 
Broth, cool«^d by convection. 159 



Building, properties of a good, 41 
Buildings, pnnciple of warming and ven- 
tilating, 204 
Burning point, what is, 222 
Burns on the siun affect respiration, 285 
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Calomel, what is, 810 
Caloric, meaning of term, 181 
Candle, why burns when lighted, 281 
Cannon, distances to which they can send 
a ball, 85 
varieties of, 85 
Capillary attraction defined, 65 
vessels, action of, 28T 
whatare they, 286 
Capital of a column, 46 
Cart>on, more thrown off f^om the system 
in winter ttian in summer, 240 
what is, 224 
Carbonic acid, sources of; 212 
gas, 206 

a poison, 207 
where found, 206 
Cat, fhr of; why sparkles in cold weather, 

278 
Cats, why see in the dark, 267 
Cellars, why cool in the summer, 151 
warm in the Mrinter, 151 
Cement, definition of; 88 
Cements, hydraulic, 89 
Centrifugal force, 28 

illustrations of; 28; 24 
Chalybeate waters, 51 
Champagne, why sparkles, 78 
Charcoal, how made, 224, 225 
what is, 224 
why black, 261 
Chemistry, familiar, 802 
Children, why difficult to learn to walk. 

18 
Chimney, fire in, how extinguished, 230 
Chimneys, how quicken the ascent of hot 
air, 215 
* of manufactories, why usually 
verv long, 215 
principles of constmction of; 

216 
smoke under what circumstan- 
ces, 216 
Choke-damp, what is, 211 
Church, crowded, persons in feel drowsy, 

210 
Circuit, galvanic, 292 
Cities, air yf^ less pure than the country, 

210 
iCleanlines^ necessity of; 288 
iClimate, meaning of the term, 104 
IClimates, peculiarities of, 104 

temperature of; coloration pecG« 
liar to, 271 
Clock, common, what is a, 29 

in winter than la 



Bubbles, air, in ice, oridn of, 173 

in a tea-cu]), how attracted, 14 .Clocks, why go faster 
on leaves of water plants, what the summer, 80 

arethpy,236 Clothing, contains no 

•oai)^ why ascend, 56 | 152 



warmth in itself 
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Clothing, Low makes us warm, t47 

use of, 143 
Cloads and fog, difference between, 88 
Clouds, cause of their various shapes and 
appearances, 85 
color of, 85 

distance above the earth, 84 
size of^ 84 

sunset, why colored, 86 
what are, SS 
when higli and low, 88 
Toal, anthracite, 225 
bituminous, 225 
deposits, extent of, 227 
mineral, origin of, 225 

produced from vegetable 
matter, 225 
Cohesive attraction, 11 

illustrations of, 12 ' 
Cold, greatest artificial, 134 
natural, 134 
how occasioned by wet clothes, 197 
what is, 130 
Color, does not exist in the dark, 270 

influence of, on the deiK>sition of 
dew, 168 
Colors, artificial, why fade in the sun, 271 
dark, optical efi'ects of, upon the 

size of the figure, 273 
light, effect of, 274 
disadvantages of a dress of uniform, 

278 
most conspicuous in battle, 274 
peculiar to arctic regions, 272 
seven primarv, 255 
warmest for aresses, 175 
Columns, why larger at the bottom than 

at the top, 42 
Combustion, a process of oxidation, 220 
chemical action of, 221 
essential requisites of, 221 
spontaneous, illustrations of 

230 
what is, 220 
Compass, does not always point north and 
soutii, 297 
mariner's, 279 

how constructed, 297 
when discovered, 297 
Compasses, ships\ how affected by light- 
ning, 299 
Compressibility, 6 
Concord and discord, what are, 120 
Contagion, susceptibility to, 810 

what is, 811 
C<mvection of hea^ 168 
Copper, poisonous effects of, 810 
Cornea, effect of flattening, 265 

of the eye, 263 
Cornice, what is a, 47, 4S 
Corrosive-sublimate, Avhat is, 810 
Coughing, what is, 122 
Cuuhtries, least cloudy, 103 
most cloudy, 107 
some, why destitute of rain, 
110 
Cowl, use of, upon a chinmey, 216 
Cream, why rises upon milk, 64 



Crying, what is, 128 

Cultivation, how increases the warmth of 

a country, 198 
Curtain, behind a pulpit, influence of on 

sound, 126 
Cylinder, strengtn of a, 86 



Dead body, why cold, 288 

Decay in substances, how occasioned and 

promoted, 806 
Density, what is, 6 
Diseases, when contagions, 811 
Dew and rain, difference between, 168 
Dew, cause of, 164 

deposited most readily on clear 

nights, 163 
does not fall, 168 
does not form on exposed parts of 

the human body, reason of, 170 
falls abundantly on cultivated soils, 

166 
none on a windy night, 164 
none on cloudy nights, 168 
phenomenon o^ 162 
rarely observed in cities, 163 
when converted into frost, 168 
when most copious, 166 
why more abundant on some sub- 
stances than others, 164 
why rolls in drops on leaves, 169 
Dewdrop, why round, 168 
Diamond, cause of its brilliancy, 256 
Disinfecting agents, 307 
Distillation, how effected, 196 

what is, 195 
Divisibility of matter, 5 
Dooi's, why shrink in dry weather, 199 
swell in damp weather, 199 
Dovetailing, what is, 44 
Draining lands, promotes warmth, 198 
Draught of air, occasion of, 214 
a chimney, 214 
stove, 214 
when there is none, 216 
Dress, arrangement of colors in, 272, 278 
Dresses, white, why adapted for summer, 

172 
Drum, why sounds, 121 
Drying and distilling, difference between, 

196 
Ducks, why not made wet with water, 

169 
Ductility, 11 
Dust, how expello<1 from a coat or carpet 

by beating, 26 
Dunghill, cause of the heat of, 229 
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Ear, construction of, 115 

drum of, 114 
Earthen vessels, why crack in cold weat 

thor, 180 
Earth, heat of; 136 
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ExerelM wby mnlcM ns warm, 288 
Expaosion by heat, 176 



Earth, how pvnrM U^ be In motion, 28 

IH»Io0 of; 296 

teinperatufA of^ Influence on the 
distribution of animals, 142 

why made colder after sunset, 162 
Earthquakes, probable cause oil^ 186 
Ebullition, what is, lU 
Echo, distance necessary to produce, 125 !Fan, a^ does not cool the air, 174 

what is, 124 jFanning the face, why cools, 178 
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Falling bodies, laws o£ 20 



why sometimes double, 125 
how produced, 124 
where heard in greatest perfection, 
124 
Edge, straight, 245 
Eel, electrical, 279 
Elastic bodies, what are, 8 
Electricity, 275 

and lightning, identity d, 285 

how proved, 285 

connection of light and heat, 

278 
conductors of; 276 
galvanic, greatest quantity, 

how excited, 292 
galvanic of two kinds, posi- 
tive and negative, 291 
how called into action, 275 
how excited by rubbing the 

ftirofacat,2T8 
tovisible, 275 

natural agents active in pro- 
ducing, 279 
non-conanctors of, 277 
of muscular action, 279 
positive and negative, 278 
produces heat, 186 
Telocity of, 278 
Electric cloud, discharge of, 280 
Electrical machines, how constructed, 277 

repulsion, 276 
Electrified and non-electrified bodies, 276 
Electro-magnetism, what is, 299 

when and how dis- 
covered, 2&9 
metallnigy, 294 

principles oi; 294 
Electrotype process, 294 
Entablature, 47 

Equinoxial storm, does it occur, 112 
Esquimaux, why fond of oil and fat, 280 
Ether, how removes grease, 807 

what is, 807 
Evaporation, d.'illy amount from the sea, 
110 
effects of, 197 
phenomena of 195 
Eye, human, structure of, 2d2 
muscles ot 262 
parts of, 268 
retina of, 263 

pained by sudden light, 266 
pressure on, occasions the sensation 
of llsrht, 263 
Eyes, do not see alike with both, 268 
Eyebrows, use of, 266 
Eyelashes, use of; 266 
Exertion, disagreeable in hot weather, 
why, 240 



utility oty 174 
Far-sightedness, cause of, 265 

how remedied, 265 
Fat i>eople, why throw back their shonk 

ders, 17 
Feathers, why called light, 6 
Fe-ather, how attracts the earth, 14 
Ferment, what is a, 805 
Fermentation, how induced by yeast, 805 
Figure, 5 

Filtration, principles oi; 7 
Fire, benefit of stirring a dull, 230 

caused by fHction, 189 

heat of; cause of. 229 

intensity depends on what, 280 

reflection of; in our windows, 250 

what is, 222 

why feels hot as we approach it, 161 

why placed near the floor of a room, 

in the night, why difficult to judge of 

the distance or, 269 
places, open, advantages of, 219 
not economical, 218 
Flame, candle, hottest part of, 282 
color of, 281 

luminosity, depends on what, 223 
of a lamp or candle, analysis of; 

282 
of a candle, why points upwards, 

282 
solid particles in, 222 
what Is, 222 

when will it smoke, 228 
Flames, why all not equally luminous, 231 
Flues of stoves, why covered with black* 

lead, 162 
Flannel, how preserrcs ice flrom melting, 

148 
Fluids, laws and phenomena oi; 49 

two classes ol, 49 
Flying, how differs fh>m leaping, 26 
Force, what is, 22 
Food, hot, cooled by blowing, 150 

the tae\ of the body, 2^ 
Fogs, cause of, 84 

when and where occur, 90 
why does not become dew, 89 
Franklin\s Dr., theory of electricity, 27T 
Friction, what is, 22 

action of in exciting electricity, 
275 
Frieze, in architecture, 47 
Frost, hoar, what is, 187 

rare under trees and shruba, 
185 
how a thin covering protects plants 

flrom, 167 
renders tbo earth fHable, 184 
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Frost-work on windows, cause of^ 185 
Fruit, precautions to be uised in packing, 

806 
Fuel, elements of. 228 

perfect combuBtion off how attained, 
220 
Furnaces, hot air, how constructed, 219 
Furs, why used for clothing, 147 
Fumigation, 807 



Galyanism, how discovered, 289 
produced, 290 
simple experiment Illustrat- 
ing, 290 
what te. 289 
Galvanl, discovers g^vanlc electrlcitv, 290 
Galvanic battery, ordinary effects of, 298 
Gas, what is a, 8 
Gases, law of diffbslon of, 207 

not all invisible, 68 
Glacier, what is a, 106 
Glaciers, where occur, 106 
Glass, burning, a double convex lens, 260 

ground for shades, use of^ 288 
Glasses, burning, 181 
Gold, melting point ot, 185 
Gothic architecture, origin of, 45 
Grain-weight, origin and construction of^ 

20 
Grapes, ripe, why sweet, 808 
Gross, grown in the dark, of a light color, 

272 
Gravitation, what is, 18 
Gravity, centre of^ 15 

illustrations of the laws and prin- 
ciples oi; 15, 16 
Greasing carriage wheels, use of^ 140 
Greasy food, why relished in cold wea- 
ther, 289 
Green colors suited to fair complexions, 

273 
Grindstones, in rapid motion why often 

burst, 23 
Gun, essential properties of, 85 

how we take aim with a, 244 
Gunpowder, composition ot, 84 
power of^ 84 

when and how difloovered, 
85 



Habitations, probable fbrm of the first 

human, 41 
Hail, what is, and how formed, 94 
Hair, use of in mortar, 40. 
Halls, for speaking, how constructed, 126 
Hardness, what is', 10 
Headache, how produced by bad air, 209 
Henrth-mgs, why feci warm, 145 
stone, why feel cold, 145 
Beat and cold, sensations or, 181 

animal, cause of, 236 

best conductors ol^ 144 



Heat, effects on the dissolving power ot 
liquids, 194 
effects oi^ 181 
effects of, on the bulk of some 

liquids, 178 
expands all bodies, 176 

illustrations ol^ ITt 
has no weight, 180 
how commimieated, 143 

illustrations of^ 4 
how diffused, 180 
how evolved by combustion, 221 
how mea»ured, 187 
good absorbers ot not 'good reflect* 

ors,171 
greatest artificial, how produced, 298 
greatest artificial how measured, 

184 
Illustrations of radiation of, 161, 

162 
In ice, 130 
latent, what is, 183 
occasioned by chemical action, il- 
lustrations of^ 187 ^ 
of the sun. 132 
produced oy friction, 140 
radiant, 160 
rays of, 171 
reflection ot 171 
solar, extends below the earth^s snr* 

face how far, 186 
sources of^ 182 

sun's differs Arom artlfldal, 188 
velocity of transmission in different 

substances, illustrations of, 144 
vital, illustrations of^ 141 
what is, 129 
Health injured by reduction of the tempe- 
rature of the body, 198 
Height A-om which a body £ills, how cal- 
culated, 29 
Hiccough, what is, 123 
Hides, how converted into leather by tan* 

ning, 305 
Horizon, what is, 269 
Horse-shoe magnets, 298 
Horse-power, what is, 88 
House, part most dangerous in a thunder 

storm, 282 
House, haunted, origin of stories oonceny 

Ing, 128 
Hurricane, what is a, 80, 81 
Hurricanes, where prevail, 80 
Huts, first form of human habitations, 

41 
Hydrochloric acid, 804 
Hydrogen gas, its properties, 224 

the lightest of all bodies 68 
sulphuretted, 804 
how formed, 804 
what is, 224 
Hydrostatics, definition oi; 40 



Ico, ** anchor,** what is, 179 
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loe, fraetorM In rognkr lines and an^^eSi 
lb5 
heat of, 180 
what is, 179 

wliy floats upon water, 62 
wliy melted bv the sun, 196 
Icebergs, height oi; 106 

how funned, 106 
ninsions, optical, 269 
Images all appear Inverted in water, 246 
ImpenetrabilUy, 4 
Incandescence, what is, 181 
Incidence, line and angle of, 246 
Induction in magnetism, 296 
Inertia, illustrations of^ 10 
Inertia, what is, 9 

Insects, how occasion sounds, 128, 124 
Instrument, stringed, use of the body of^ 

117 
Ionic order of architecture, 45 
Iris of the eye, 268. 
Iron, how made hot by striking, 188 
meteoric, 96 
where found, 96 
why sinks in water, 62 
why stronger than wood, 12 



Kettle, why heat is not applied at the top 

why sometimes boils over, 156 
Eyauizing, what is, 811 



Lakes, some never ft'ozen, 188 
tAmps, closed, use of a hole in the top, 
233 
gas generated by, 208 
smokes, occasion of, 228 
solar and astral, how constructed, 

228 
wicks, cotton best adapted for, 
66 
Land, configuration of^ effect on tempe- 
rature, lot 
Latent heat, w^hat is, 188 
Larynx, 122 
Laundress, why boils starch, 802 

why touches a fliU-iron with 
saliva, 195 
Laughing, what is, 123 
Lead, a poison, 810 

why called heavy, 6 
Leather, how made, 805 
Leaves, of plants, how radiate heat, 165 
of plants, why green, 271 
w^hy brown in autumn, 271 
Lens, double convex, 260 

what is a, 260 
Lenses, different varieties of, 260 
Light, abs<)r])tion of; 261 

wtificisl, oo wliat dependa, 281 



Light, chief sources of, 241 
how propagated, 244 
intense, why causes pain to tha 

eye, 266 
most splendid artificial, how pro- 
duced, 298 
moves in straight lines, 244 
of the sun, how much intercepted 

by the atmosphere, 261 
possesses no weiffht, 241 
ray of, when reflected, 244, 245 
refraction of, 254 

the same quantity not reflected at 
all angles, illustrations of thig 
principle, 248 
velocity of, how estimated; illna- 

trations of, 242, 248 
what is, 241 

white, composition of; 255 
why, when it is cloudy, 252 
zodiacal, 97 
Lightning clouds, height above the earth, 
2S0 
conductors, best materials for, 

2S4 
diff'erent kinds of, 280 
direction of a flash of, 281 
does not follow a direct path, 

284 
heat, cause of, 281 
how kills persons, 281 
rod, what is a, 284 
rods, how fastened to buildings, 
285 
how protect houses, 2S4 
when productive of harm, 

284 
why terminate in points, 
2S4 
sheet, 280 
what is, 280 

why most common in summer. 
281 

Lights, Northern, 287, 288 
Lime, chloride of; 307 
quick, 38 

absorbs car1y>dic add, 219 
slacked, 88 

water poured on occasions heat, 
how, 137 
Linen handkerchief; why prefen^d to a 

cotton one, 149 
Linen, how dried by exposure to the air, 
198 
why cooler than cotton, 149 
Liquefaction, 192 
Liquid, what is a, 8 
Liquids, how to cool, 155 

impart no additional heat after 
they boil, 167 
Liquors, fVothing, cause o^ 74 
Loadstone, what is a, 295 

why so called, 295 
Loudness, of sound, on what depends, 118 
Lunar caustic, 304 
Lungs, description ot^ 284 
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Machln«>a, advantftf^a of, 8t 
Machine and a tool, dilferenoe between, 
81 
irhat is a, 31 
Machinery does not create power, 81 
Magnet, mrective power of, 296 

vhat occura when one is broken, 
293 
Ma^eta, hoi-se-ahoo, 293 

how oonatmcted; 297 
natural, where found, 295 
weights, frreat^ lifted by, 300 
Magnetism, communicated by contact, 
295 
connection with electricity, 
295 
Malleability, 11 
Man alone callable of endnring all temjie- 
ratures, 143 
method in which he can exert the 

greatest strcn^h, 88 
on a church spire, why seems very 

small, 251 
shrinks when starved, 283 
Maps, coast survey, how produce<i, 294 
Masticli, or mastic, 40 
Matches, how ignited By ftiction, 141 
Materials, strei]^h of^ && 

illustrations ol^ 86 
Matter defined, 8 

evidence of its existence, 8 
limits to the division of, 5 
particle of, 5 
pn^rties ot, 4 

the strongest form in which it can 
bo arranged, 86, 87 
Miasm, or miasmata, 811 
Milk boils more readily than water, 155 
Mirror, how we see ourselves in a, 245 

why images appear belilna a, 247 
Mirrors, 245 

Mist and fog, distinction between, 89 
Meat, how prcscrvetl by smoking, 803 

when tough, 803 
Medicines, prescription by drops unsafe, 

12 
Mercury, freezes at what temperature, 
191 
of a barometer, why sinks in fine 

weather, 104 
wben fVeezes, 184 
Metals, why melted by fire, 192 
Meteorites, how supposed to originate, 96 

wiiat arc, 94 
Meteorol<»y, what is, 74 
Mist and fog, why vanish at sanrtsc, 164 
Mist, on windows, cause of, 87 
Mixture and solution, difference between, 

198 
Moon, lisht of^ seems to make a path in 
^the water, 249 
influence of, on the weather. 111 
light, how occasions putrefiiction, 

whyuipears larg« on th« horizon. 



Mo<ni, why seoms a flat snrfaoo, 25t 

why seems larger than tho starii 

Mortar, why becomes hanl, 88 
Mortars, comiiosition of^ 83 
Mortising, what is, 42 
Motion, 22 

Mountains, distant, why appear blui^ 
69 
high, why covered with snow. 
105 
Mountain tops, why cold, 172 
Muriatic acid, 804 
Muscular energy, how exerted, 88 
< Music, scale 0^121 

Musical instruments, how occasion soond, 
121 
sounds, what are, 120 



N 

Nails in old houses, why loose, 187 
Near-sightedness, cause of, 264 

how remedied, 265 
Needle, magnetic, 296 
Negro's skin never blisters tnaa the sun. 

Nitric acid, 804 

Nitrogen, its properties and uses, 205 
what is, 205 



O 



Objects, how we Judge of the size and 

position of; 250 
Ocean, colors of animals in, 272 

depth to which light penetrates, 

261 
Odors, 807 

Oersted, Prof., his discovery, 299 
Oil and water, why not mix, 198 
Opa<iuo bodies, 261 
Orders in architecture, 45 
Owls, whv see in the dark, 267 
Oxygen, how much required per hour, 
209 

its properties and uses, 205 

what is, 205 
Oxidation, what is, 220 



Paint, in the vicinity of sewers, why dis- 
colored, 304 
how preserves wood, 152 
Paints, lead, when dangerous, 310 
Paper, blotting, why absorbs ink, 66 

wilting, why will not absorb ink, 
66 
Paste, adhesiveness due to what, 808 
Pedestal, what is a, 46 
Peuduloius, compensating, 187 

lenscth ofl that beats seconds^ 

29 
what is a, 29 
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Persons, why many, seo the samo object Baln,none If the sir be dry, 104 



at the sanio time. 844 
Perjictual luotioo in oature, 28 
instance ot, 28 
Perspiration, insensible, what is, 8S 

why caused by active exer- 
tion, 289 
Pilasters, what are, 45 
Pile, what is a, 42 

Plpes» lead, how affected by water, 810 
water, why liable to barst in freez- 
ing, 181 
Pisa, loaning tower of^ 17 
Planets, how give lisht, 842 
Plants, how purify the water, 286 

respire as well as animals, 285 
water, liberate oxvgcn, 286 
Platina, the heaviest auoetaace known, 

68 
Plastic bodies, what are, 9 
Plinth of a column, 46 
Pneumatics, what is, 48 
Poison, what is a, 809 
Poisoning, what to do in cases ol^ 800 
Poles of a galvanic battery, 892 
Porcsofa Dody, 6 
Portico, what is a, 45 
Potatoes, frozen, why sweet, 808 
Potato, starch constitutes the balk ol^ 802 
Power, how we apply it, 81 
horse, 88 
of gunpowder, 84 
sources oi, 88 
steam, 84 
water, 88 
Preserves, why turn sour, 806 
Prism, how separates a ray of light, 855 
Pump, chain, what is, 100 
common, 98 

forcing, construction of, 100 
height to which water may be 

raised by, 99 
why water rises in, 100 
Pupil ofthe eye, 868 

contracts by a sadden 
light, 866 
Pntrcfaction, caasea of; 807 
Putty, what Is, 40 
Pyrometers, how constrncted, 191 



origin of, 91 

water, why called soft, 56 
where most abundant, 103 
why cooler after, 199 
why fulls in drops, 91 
yearly amount fallins in different 
parts of the earth, lii^ 
Bainbow, formation of; 857 

when seen. 857 
Rainbows at waterfiills, 853 v 

double, when seen, 253 
no two persons soe the same, 
858 

Bain-gauge, what is a, 109 
Bed rays of light possess the greatest heat' 

ingeffect, 878 
Beflection, line and angle of^ 846 

of light, 845 
Befloctors of heat, what are good, 171 



Befraagibilitv, 86 
Befhiction of lij 



light, 854 
Bemedies for poisons, 809, 810 
Bepulsion, what is, 11 
Besonance, what is, 185 
Bespiration a form of combustion, 284 
object of 884 
what is, 888 
Betina of the eye, 868 
Betort, what is a, 195 
Bifle, advantages o^ over a mnsket, 85 
Biver, always seems more shallow than Ik 
is, 855 
bottom, rarely fW>zcn, 181 
part in which the water runs most 
rapidly, 50 
Bocks and stones retain moisture, 107 

cause of their rounded and weather- 
worn appearance, 179 
whv often split in cold weather, 

Boman cement, 89 

Boom, idr ot how affected by a correnL 
809 

coolest part of 117 

hottest part of, 817 
Bose, why red, 270 
Bust, what is, 828 



Quadruped, never raises both feet on a 

side at once, 17 
Qnadrui>ed8, why swim easier than man, 

63 
Quick lime, what is, 83 



B 

Badiators, good, of heat, 161 
Badiation, 160 

of heat, on what depends, 161 
Kaln drofis, form of. 109 

why spheres, 160 
how lutiosured, 100 



8 



Salt, how dissolves ice, 184 
lakes, origin of, 58 
utility of, in the ocean, 58 
Sand, best suited for mortar, 89 
Savages, how hoar by placing the ear doee 

with ground, 117 
Scarfing and interlocking, 43 
Sea breeze, why cool, 79 

effect of, on temperature, 107 

rarely freezes, ISS 

water, why freezes less readily thaa 

fVcso water, 1^ 
why not full, 199 
why salt, 47 
vapor of; not salt, 199 
6easoa«, alternation of warm and cold, 118 
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Seeing, flcnse ot, how exerted, 241 SoandB, when flat, 121 

Beiibca, number ot 3 j why seem louder in a ebarch than 

what are thuy, 8 in a plain, 12S 

Sewers, foal, why destructive to health, Soup, why kocits hot longer than watoi^ 
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! Sparks of Are, what arc, 7 
I Specific gravitv defined, 62 
jSpoctacIcs best suited for old people, 206 
iSpocxi, metal, how retards the boiling of a 
kettle, 150 
why tarnishM by the yolk of «gg% 



Shade, why cool in the summer, 150 
why oljjects seem dark in, 252 
Shadow, wnat is a, 244 
Shaft of a column, 46 
Sheets of a bed why Ibel cold, and 

blankets warm, 152 
Ship at sea, why the masts are seen befiwo 804 

the hull, 258 [Spray of waves, cause of^ 61 

Ships, iron, why do not sink, 65 Springs, effect of drainage upon, 53 

Shoes, hotter for being dusty, 172 IStones for building, how to fistiinni.*^ their 

Skull, the Ibrm of the, cmboaies the prln*! durability, 48 

ciplesofthonrch, 44 | building, action of the weather 

Sight, difficult after leaving a lighted room on, 49 

and going into the dark, 266 I why lifted easier in water than on 

Size, 4 I land, 65 

Skiving swiftly over thin ice, effect of, 27 Stove, advantages over an open fireplacei 
Skin, Cleanliness essential to the healthy 219 



action of^ 287 
Sky, why appears blue, 271 
Sleet, what is, 92 
Smoke, what is, 218 

why ascends, 18 
Smoking, how preserves meat, 806 
Sneezing, what is, 128 



Snow, at the foot of a wall, why melts Stucco, what is, 89 



disadvantages ot, 219 
why crackfos in cociing, 186 
why crackles when a mre is kindled 
in It, 186 
Stones, why not suitable for ftiel, 226 
Straw, use of, in the Egyptian bricks, 40 
Strii)es, effect of, in dresses, 279 



rapidly, 161 
flake, how formed, 93 
heat oi^ how shown, 188 
how diminishes the darkness 

night, 270 



how protects the surfiice of the earth 

In winter, 92, 93 
melting absorbs heat, 183 
various colors of^ 94 
what is, 92 

why none in summer, 98 
white, 98 
Soap-bubble, origin of colors in, 250 
Soan, utility of in washinsr, 57 
Soil, a bad conductor of heat, 186 
effects of on temperature, 107 
Solid,Vbati8a,S 
Solution, what is a, 193 

when saturated, 198 
Sonorous IxkUcs, what are, 116 
Soot, smell of, why sometimes noticed in 

a room, 216 
ttoond, air necessary for the production 
of, 71 
best conductors of, 120 
how obstructed by fogs, rain, &&, 

119 
how ]iroduced, 114 
louder by nischt than by day, 119 
not heard alike by all persons, 120 
velocity oi; 118 
Jloonds, musical, what are, 120 

origin and transmission of, 114 
reilection of; 124 
transmission of by solids, 117 
vibrations, to what compaitHL 117 
vibrations in solids, how rendered 
visible, 118 



Sucker, the common^ 72 
Suction, height to which water may be 
raised by, 98 
<^| Suffocation, how occurs, 123 
jSugar and salt, how flavor water, 67 

salt, &c, retard boiling, 157 
Sulphur, product of when burned, 893 
Sulphureous acid, SOS 
Sulphuric acid, 804 
Summer, Indian, haziness of^ 87 
Sun, seen through a fbg ai>i)cars red, 87 
the, a source of heat, 182 
weight oo the suiface of, 19 
- why appears large on thrt horizon, 269 
Snn^s heat, why greater in some portions 

of the earth than In others, 183 
Sunbeam, uiotes floating in, what are, 160 
Sunset, red, cause ot^ 86 
Surf, what is, 61 
Surfhces, some, why brilliant, 243 

dull, 242 
Swimmers, unskilful, why sink, 68 
Swimming why easier in salt than in flpeali 
water, 68 
philosophy oC 63 
Springs in ponds prevent fk^ozlng, 168 
mineral, cause of; 54 
origin of. 51 

why cool In sranmer, KO 
why often fiiil in dry weather, 51 
Sprinkling a hot room how cools it, 198 
Squinting, occasion ot, 268 

occasions double vision, 267 
Starch, how manuf^tured, 802 

may be converted into sugar, 808 

what is, 802 

wh V necessary to boll before uskig^ 
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Stan, shooting, 96 



occnr perlodicAlly, 97 
le in the T 



daytime, 



why not vlsib 
344 
Btarvation, process of, 289 

what is, 235 
fitcani, bulk of, compared with water, 201 
how much lighter than water, 

200 
engine, what is a, 202 
high pressure, 202 
how used for coolcery, 208 
invisible, 107 
its elasticity, 201 
lighter than air, 63 
mechanical force of^ 208 

illustrations oi; 208 
parts of a boiler where first formed, 

200 
power of, on what depends, 201 
visible appearance how caused, 

200 
what is true, 200 
Stems of grain-plants, why hollow tubes, 

87 
Stick immersed in water, why seems bro- 
ken, 254 
Still, construction ot, 191 



Telegraph, Inflnence how transmitted bv, 
to convey intelligence, 801 
magnetic, Morse's, principle 

of, 300, 801 
wire, why supported on glass, 
801 
Telegraphic current, what is meant by, 

801 
Telescopss, construction and use of^ 252, 
253 
why enable us to see distant 
objects, 258 
Temperature, effect of the sea on the, 107 

soil on, 107 
mean daily, what is, 106 
varies with altitude, 105 
latitude, 105 
variation, examples of, 105 
why all places have not the 
same, 107 
Temples, how cooled by ether, cologne, 

water, Ac, 197 
Tenon, what is a, 48 
Terra-cotta, what is, 89 
Thaw, mo*'o chilly than a fh)st, 188 
Thermometer, centigrade, 191 
Fahrenheit's, 190 
Beanmer's, 191 
indicates di^ercnce of heat 
only, 192 
Thermometers and pyrometers, difference 
of; 188 
construction of; 189 
different. 190 
how CTaduated, 188 
Thunder, cause oi; 2^ 



Thunder, rolling of; canse of, 287 

storm, places dangerous in, 28^ 

safest fn, 2SS 
what is n, 2S0 
varieties of, 2S7 
what is, 236 

why heard after the lightning 
is seen, 287 
Tides, cause of; 59 

when high and low, 59, 60 
Toes, advantage of turning out the, io 

walking, 17 
Tornadoes, 82 

phenomena generally attend- 



ing 82 
)odie 



Transparent bodies, what are, 260 
Tree, centre of gravity in, 19 

how discharges a lightning cloud, 
282 
Trees and flowers, how purify the air, 210 

why covered with straw in winter. 

Tropica, rainy and dry seasons of, 109 
Troy weight, origin ot 20 
Trumpet, ear, construction of, 127 

speaking, construction of; 127 
Twilight, cause o^ 259 



Vacuum, illnstration of, 218 

what is a, 71 
Valves, pumn, 98, 99 
Vapor from aamp linen, what is it, 19T 
in a room, origin of, 88 
of the air, how condensed into rain 
91 
Vaporization, meaninsr of, 194 
Veffetables, why swell in boiling water. 

Vegetation, why luxurious on the margin 

or a river, 66 
Ventilation, in what situations is it perfect, 
205 
what is, 204 
Vibration, what is a, 116 
Vibrations, sonorous, how illostnted, 116 
Vinegar, what is, 805 
Vitriol, oil of, 304 
Voice, organs of; 122 

tones of, how altered, 122 
Volatile substances, 195 
Volcanoes, probable cause ot 186 



W 



Wall, a, when stands securely, 17 
Walls, partition, construction of, to int«a 

cept sound. 119 
Warming ana ventilation, 204 
Water, ohtA conductor of heat, 146 

at what elevation above the earth 

remains fh)zen, 106 
air in, 
boiled, why flat and insipid, 78 
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Water, oompositlon of, 54 

declivity sufficient to give nmning 

motion to, 00 
drop of, why rolls npon hot iron, 

expands when freezing, 181 
force of expansion in freezing, 179 
bard, what is, 54 

aiflicult to wash in, 56 
now extinguishes a fire, 229 
how heated, 158 
hot, why breaks glass, or earthen 

vessels, 185 
in freezing, cracks earthen ves- 
sels, 180 
Images in, appear inverted, 246 
power, 88, 84 
pressure ot 58 

how exerted, 58 
quantity of mineral matter con- 
tained in, 55 
running, why slow to freeze, 182 
scalds at what temperature, 176 
surface of. always level, 49 
swells in boiling, 156 
temperature of boiling, 185 
what is the purest natural, 55 
when affects lead pipes, 810 
why a fluid, 54 

why dissolves sugar and salt, 57 
why freezes first at the surfiEMie, 

182 
why rises in a pump, 101 
why sparkles, 56 
whv will not dissolve iron, 198 
Waters, relative purity of, 55 
Waterspout, what is a, 83 
Waves, cause of, 60 
spray of, 61 
velocity of storm, 61 
Well, ordinary, why water collects, 67 
Wells, artesian, 52 
Winter, dark dresses most suitable for, 

172 
Weather, action or building materials, 

48 
Weather, animals foretell changes in, 118 

moon's influence on, ill 
Weight, how varies, 19, 20 

proportional to what, 19 
what is, 19 

where a body has the greatest, 
and least, 20 
Weights and measures, English system of, 

21 
Weights and measures. French system of, 

21 
Wheel, centre of gravity of^ 18 i 

dished, or arched, stronger than al 
flat,4i < 



Wheels, carriage, why sometimes take 
fire, 189 
fore, of carriages, why smaller 

than the hind, 44 
of carriages, utility of greasing, 

140 
water, different kinds, 84 
Whitewash, what is, 88 
Wick of a candle, why not consumed, 

288 
Windpipe, what is the, 122 
Windows, why blaze at sunset, 249 

why often covered with mist, 
87 
Wind, cause o^ 75 
Winds, force of, how measured, 78 

high, difficult to walk against, 9 

always blow, 76 

efitects of mountains, on the couiso 

of, 76 
land, generally diy, 76 
north, why cold, 79 
south, why warm, 79 
regular, 77 

on the direction of^ 78 
trade, 77 
velocity of, 77 
Wine, why sours on exposure to air, 805 
Wood, constituents of; 224 

green, unprofitable to bum, 227 
hard and soft, 227 
how preserved from decay, 811 
kinds most profitable for mel, 227 
kinds of, wnich impart the leust 

heat in burning, 227 
weight of a cord of; 227 
why docs not melt, 194 
why generally cut in the winter, 

227 
why snaps when burning, 7 
Wooden handles, why applied to cooking 

vessels* 14t^ 
Woollen kettle-holders, utility of, 145 
Woollens, utility of as protectors agaioBl 
cold, 147 



Yeast, what Is, 805 

Yellow, the color most visible, 278 



Zenith, what is the, 269 

Zero point of thermometer, bov deter 

mined, 190 
Zodiacal light, 97 



SwiNTON's Word-Primer. 

A BEGINNER^S BOOK in ORAL and WRITTEN SPELLING. 
By WixxiAM SwiNTON, Prof, of the BDglish Language in the University 
of Oalifomia, author of '' Word-Book of SpelUng," '' Word-Analysis," 
**A Condensed History of the United States," "Rambles among 
Words," &c., &c. X roL 128 pages. Price ao cents. 

Thisboolcis intended for use after the child has gonethroi^h some 
reading primer. Attention is called to the following distinctive points which 
hare not heretofore been presented in a book of this kind : 

Exceedingly short lessons. 

The grouping of words according to leading ideas. 

The selection of common words that can be understood by young 
children. 

The variety of script exercises, in both words and sentences. 

The division of the book into specific monthly and yearly sections. 

Review lessons. 

The book comprises about 96 pages, and is beautifully printed and sub- 
stantially bound. 

SwiNTON's Word Analysis. 

A GRADED CLASS-BOOK OF ENGLISH DERIVATIVE 
Words, with practical exercises in Spelling, Analyzing, Defining, Syn- 
onjrms, and the Use of Words. By William Swinton, Prof of the 
English Language in the University of California, author of " A Con- 
densed History of the United Sutes," " Rambles among Words," 
&c., &c z vol. X28 pages. Price 40 cents. 



The prominent poinU in ihie work are : 1. The clear and eimple 
method qf word analyeie and d^niUon, 2. The practical etoereieee in 
epelling^ di^ning^ and the uee of voorde in actual compoeiiion, 8. The 
adaptation cf the manual, hy ita progr twite character, to the needs qf the 
several grades ^public and private eohools. 
Either 0/ the above by mail on recti^t 0/ the^rict, 

•••THE BDTJCATIONAL BEPOBTER-Fnll of interesting and valuable 
Edncatlonal information, is pabUshed three times a year, bearing date respect- 
ively January, Hay and September, and will be sent to teachers and ednca- 
tionlsts, without charge, on application. 
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xdvoatioval rubusssbs, 
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C^t %x(itxuwx (Blimtix&Qixid Sinm. 

THE 

Spencerian System of Penmanship. 

The Spencerian Penmanship was first published in X848, and has main- 
tained from the fir*:t a standard position. It claims to be more practical, 
more thorough, and more original than any other system of writing pub- 
lished, and especially commends itself over other systems as superior in its 
simple and easily comprehended Analysis and Method; in its systemat- 
ically and progressively arranged Copies : in the beauty and simplicity of 
its Style: in its plan oi Ruling^ whereby correct slanting and proper spacing 
are obtained ; and in its Movement Exercises^ which readily enable the 
pupil to become a rapid and easy writer. 

The Spencerian is the accredited source from which the best penmen of 
the country have derived their knowledge and skill in the art of writing. 
It is used in more Normal Schools and Business Colleges than all other sys- 
tems combined ; and it is more generally used throughout the United States 
and Canada, than any other system. 

A fair evidence of the originality and superiority of the Spencerian System 
may be inferred from the fact that several copy-book makers have imitated 
many of its prominent characteristics, and claim these as the chief excellen- 
cies of their books. One of the *^ Authors" of a rival Series of Copy-Books, 
unlike many of our competitors with less merit, frankly acknowledges his 
indebtedness when he says : ** It is too late in the day to popularize any 
style of Penmanship not founded on the Spencerian Model" 
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First Lessons in our Country's History. 

BRINGING OUT ITS SALIENT POINTS, AND AIMING TO | 

combine BimrlW/ with state. By Wh. Swinton, A. M., Prs/eiar a/ 1 

Hiilir^ Unlviriih nf Calif ernia, and Autkin- s/" CoKiUnud HUi<vy 

V. S,." •• Wird AnafyHs," " Camfav'" "/ 1^' Army c/ Ihi PoUmacr 

tie. I vol lima., paper, ana pifei. Price, by mail, Eocents. 

Ttii9 Is, perhaps, the most BttnctlFe snd dainty ichMl book aya Issued 

from the Ameiicnn press. The dislincllTo plnce wliich tlie Fini Limhi is 

designed 10 occupy is the lower chisses ot our graded, ungraded and 

the te>t\Tlth the multiplicity of details and Isolated fBCts that hare made 
the old "Introductories" »nd '■Elementarios" really more difficult to 
the beginnec :hin a full treatiso would be. This he has accomplished by ■ 

alone have been chosen. The economy of apace thus gained by throwing 

on the ^ttHti^ vital lacts, and to throw Into bis treatment the charmi 

Th, ^hLffial^r., I> 

1. Its pUin yel picture., , . 

and sense " are combined in the tn 

o. The care in the bistoiicill frrt/tclSvi, bv which only the "nlient 
and lasting impressions.' 

3. Tbe convenient arrangement of easy yet sufgesiive questions la the 

4. The clusterinj); of events round the great central facts of our history, 
thus aiding the memory by the power of association. 

reeablemetl " - . - . . 

__.. — — -,lion of the t,.,„ 

which makes Ihe lecitalal dry and difficult, but by bringing together sucl! 

6. The method of plain review lessons lo reitenite the leading events 
«nd secure their remembrance. 

7. The beauty of mechioical eiecatlon aa regards print, paper and 
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